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Fabrication method for a thin film semiconductor device, 
the thin film semiconductor device itself, liquid crystal 
display, and electronic device. 

The present invention is related to the fabrication 
method for a thin film semiconductor device, the thin 
film semiconductor device itself, liquid crystal 
displays, and electronic devices applicable to active 
matrix liquid crystal displays and the like. 

In recent years, along with increases in screen size 
and improvements in resolution, the driving methods for 
liquid crystal displays (LCDs) are moving from simple 
matrix methods to active matrix methods; and the displays 
are becoming capable of displaying large amounts of 
information. LCDs with more than several hundreds of 
thousands pixels are possible with active matrix methods 
which place a switching transistor at each pixel. 
Transparent insulating substrates such as fused quartz 
and glass which allow the fabrication of transparent 
displays are used as substrates for all types of LCDs. 
Although ordinarily semiconductor layers such as 
amorphous silicon or polycrystalline silicon are used as 
the active layer in thin film transistors (TFTs) , the use 
of polycrystalline silicon which has higher operating 
speeds is advantageous for the case of producing 
monolithic displays which include integrated driving 
circuits* When polycrystalline silicon is used as the 
active layer, fused quartz is used as the substrate? and 
a so-called "high temperature* process in which the 
maximum processing temperature exceeds 1000°C is used to 
fabricate the TFTs. On the other hand, for the case of 
an amorphous silicon active layer, a common glass 
substrate can be used. For increases in LCD display size 
while maintaining low costs, such use of low-cost common 
glass substrates is indispensable. Such amorphous <• 
silicon layers, however, have such problems as electrical 



characteristics far inferior to those of polysilicon 
layers and slow operating speed. Since the high 
temperature process polysilicon TFTs use quartz 
substrates , however, there are problems with increasing 
display size and decreasing costs. Consequently, there 
is a strong need for technology which can fabricate a 
thin film semiconductor device employing a semiconductor 
layer such as polycrystalline silicon as the active layer 
upon a common glass substrate. But, when using large 
substrates which are well-suited to mass production, 
there is a severe restriction in that the substrates must 
be kept below a maximum processing temperature of about 
570°C in order to avoid deformation of the substrates. 
In other words, technology which can produce, under such 
restrictions, the active layer of thin film transistors 
capable of controlling a liquid crystal display and of 
thin film transistors which can operate driving circuits 
at high speed is desired* These devices are currently 
known as the present low temperature poly-Si TFTs. 

Previous low temperature poly-Si TFTs are shown on 

p. 387 of the SID (Socie ty for Information Display) 121 

Digest (1993) . According to this description, SO nm of 
amorphous silicon (a-Si) is first deposited at 550 °C by 
LPCVD using monosilane (SiHJ as the source gas and then 
converted front a-Si to poly-Si by laser irradiation. 
After patterning of the poly-Si layer, a gate insulator 
layer of SiO* is deposited by ECR-PECVD at a substrate 
temperature of 1QQ°C. Following formation of the 
tantalum (Ta) gate electrode on top of the gate insulator 
layer, self -aligned transistor source and drain regions 
are formed in the silicon layer by ion implantation of 
donor or acceptor impurities while using the gate 
electrode as a mask. This ion implantation, known as 
tt ion doping - , is accomplished by a non-mass separating 
ion implanter. Hydrogen-diluted phosphine (PH 3 ) , diborane 
(B 2 H € ) or similar gas is used as a source gas for ion 
doping. Activation of the impurities is carried out: at 
300°C. Following deposition of an interlevel insulator 
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layer, electrodes and interconnects such as indium tin 
oxide (ITO) and aluminum (Al) are deposited to complete 
the thin film semiconductor device. 

As described below f however, there are several 
5 inherent problems with poly- Si TFTs fabricated by the 

existing technology in the low temperature process which 
act as impediments to the adoption of this technology 
into mass production* 

1, The high processing temperature of 550 °C 

10 prevents the use of low-priced glass leading to a steep 

rise in product prices. Additionally, the degree of warp 
of the glass substrates as a result of their own weight 
increases as substrate size increases, and increases in 
liquid crystal display (LCD) sizes are not possible* 

15 2. The appropriate irradiation conditions necessary 

to obtain uniform laser irradiation over the entire 
substrate are severe and fall within a narrow range- As- 
a result, the crystallization of the film can vary from 
uniform to non-uniform from lot to lot and reliable 

20 production is not possible, 

3 . During the ion doping or subsequent low 
temperature activation at 3Q0-35Q°C of the source and 
drain regions which are self -aligned with respect to the 
gate electrode, the problem of unsuccessful activation 

25 occasionally occurs- In other words, the resistance of 

the source and drain regions is several gigaohms. 
Especially when producing TFTs with lightly doped drains 
(LDD) , this problem is serious and is a cause of 
significant decreases in production yield* 

30 ^ 4. Although only Si0 2 formed by ECR-PECVD yields 

suitable transistor properties -in low temperature process 
poly-Si TFTs, it is difficult to increase the size of the 
ECU source in the ECR-PECVD equipment thereby making ECR- 
PECVD unsuitable for large LCD panels* Furthermore, the 

3 5 throughput is extremely poor* Consequently, ECR-PECVD 

reactors are not suitable as mass product ion- compatible, 
practical gate oxide film deposition equipment applicable 
to the manufacture of large size displays* 
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5* Use of means such as laser irradiation for melt 
crystallization of semiconductor films like silicon 
results in partial agglomeration which can lead to large 
variations in the electrical properties of the 
5 semiconductor layer, roughness of the semiconductor 

layer, and decreases in the gate -source or gate -drain 
electrical breakdown strength. 

6. When low cost, conventional glass substrates 
were used, the underlevel protection layer* necessary to 

10 effectively prevent penetration of impurities from the 

glass into the semiconductor layer was not the underlevel 
protection layer of the semiconductor devices which 
showed the optimum electrical properties. In other 
words, making the underlevel protection layer thicker to 

15 prevent impurity penetration leads to the deterioration 

of the electrical properties of the semiconductor device 
from stress generated by the underlayer or generates 
cracks in the semiconductor device. 

7. When plasma enhanced chemical vapor deposition 
20 (PECVD) is used to produce the semiconductor films, 

elements such as fluorine (F) and carbon (C) , 
constitutive elements of vapors used in cleaning the 
deposition chamber which may remain after cleaning, may 
be incorporated as impurities into the films. The result 
25 is that the amount of impurities incorporated into the 

substrates varies, and it is not possible to reliably 
produce excellent thin film semiconductor devices. 

8. As the deposition temperature for semiconductor 
films in low pressure chemical vapor deposition (LP VCD) 

3 0 decreases, compatibility between uniformity within a 

substrate and the deposition rate is difficult. In 
other words, because the deposition rate decreases when 
the deposition temperature is lowered, the increase in 
pressure necessary to compensate for this behavior 

3 5 results in significant worsening of the uniformity over a 

single substrate. This tendency becomes noticeably more 
pronounced as the substrate size becomes larger and is a 
major obstacle to the mass production of large LCDs. 



5 



9. There are three types of non-uniformity of the 
electrical characteristics of thin film semiconductor 
devices. In addition to variations within a single 
substrate, there are also variations from substrate to 

5 substrate in a single lot as well as variations between 

different lots. In the thin film semiconductor devices 
and the fabrication procedures of the existing 
technology, it is not possible to control these three 
types of non-uniformity. In particular, there has been 
10 almost no thought given to the variation in properties 

seen from lot to lot* 

10 . In the fabrication of semiconductor thin films 
by PECVD, the adhesion between the semiconductor layer 
and the protective underlayer is poor; and numerous 

15 crater- shaped holes are generated in the semiconductor 

layer which can lead to delamination of the film in the 
worst case. 

The present invention aims to solve the 
problems noted above with the purpose of providing a 

20 means for reliably producing good thin film semiconductor 

devices through a realistically convenient method using a 
processing temperature which will allow the use of common 
large glass substrates. 

25 ^ The fundamental principles and operation of the 

present invention will be explained with reference to the 
drawings . 

Figures 1 (a) through (d) are cross -sectional 
schematic representations of the fabrication process for 

30 thin film semiconductor devices constituting an MIS field 
effect transistor. After giving an outline of the low 
temperature poly-Si TFT fabrication process using these 
figures, the details of the present invention will be 
explained for each processing step. 

3 5 (l f Outline of the Fabrication Procedure of a Thin Film 

Semiconductor Device of the Present Invention) 
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In the present invention, a conventional non- 
alkaline glass is used as an example for substrate 101. 
First, an insulating underlevel protection layer 102 is 
formed on top of substrate 101 by a technique such as 
5 atmospheric pressure chemical vapor deposition (APCVD) , 

PECVD, or sputtering. Next, a semiconductor layer such 
as intrinsic silicon, which will later become the active 
layer of the semiconductor device, is deposited. The 
semiconductor layer can be formed by chemical vapor 

10 deposition (CVD) such as LPCVD, PECVD, or APCVD or by 

physical vapor deposition (PVD) such as sputtering or 
evaporation. Crystallization of the semiconductor layer 
so fabricated is achieved by short -time irradiation 
using electromagnetic energy or optical energy such as 

15 from laser light. When the originally deposited 
semiconductor layer is amorphous or a mixture of 
amorphous and microcrystalline material, this process is' 
known as crystallization. On the other hand, if the 
originally deposited semiconductor layer is 

20 polycrystalline, the process is known as 

recrystallization. In this description of the present 
invention, both are simply referred to as 
"crystallization" unless it is necessary to make a 
distinction. If the intensity of the energy from laser 

25 light or other source is high, the semiconductor layer 

will crystallize by initially melting and then 
solidifying upon cooling. This is known as melt 
crystallization in the present invention. Conversely, 
crystallization in which the semiconductor layer does not 

30 melt but proceeds in the solid state is known as solid 

phase crystallization (SPC) . Solid phase crystallization 
can be divided mainly into three types: fumace-SPC in 
which crystallization occurs at temperatures from 550°C 
to 6S0°C for times ranging from a few hours to several 

35 tens of hours, rapid thermal annealing (RTA) in which 

crystallization occurs in a very short time frame ranging 
from less than one second up to about one minute af 
temperatures of 700 to 1000°C, and very short time-SPC 



(VST-SPC) using low intensity energy such as from a 
laser. Although all three types are suitable for use in 
the present " invention, melt crystallization, RTA and VST- 
SPC are particularly appropriate when considered in light 
of processing which allows high productivity for large 
substrates. The reason for this is not only that these 
crystallization methods use extremely short irradiation 
periods but also that the whole substrate is not heated 
during crystallization of the semiconductor layer since 
the irradiated area is localized with respect to the 
entire substrate area; and, therefore, no heat -induced 
deformation or cracking ^ of the substrate occurs. 
Following crystallization, the semiconductor layer is 
patterned; and then the active semiconductor layer 103 is 
produced. See Figure 1(a). 

After formation of the semiconductor layer, the gate 
insulator layer 104 is formed by a method such as CVD or - 
PVD. Several methods can be considered for the 
fabrication of insulating films, but a fabrication 
temperature of 3S0°C or less is desirable. This is 
essential to avoid thermal degradation of the MOS 
interface and the insulating film. This is applicable to 
subsequent steps in the fabrication process as well. 
Processing temperatures following fabrication of the gate 
insulator layer muse be kept at or below 350°C. Doing so 
allows high performance semiconductor devices to be 
produced both easily and reliably. 

Next, a thin film which will become the gate 
• electrode 10 S is deposited by a method such as PVD or 
CVD. Since the same material is usually used for both 
the gate electrode and the gate- interconnects and both 
are fabricated in the same step, it is desirable to use a 
material which has low electrical resistance and is 
stable with respect to thermal processing around 3S0°C. 
After patterning of the thin film for the gate electrode, 
ion incorporation 106 into the semiconductor layer is 
employed to form the source and drain regions 107 and the 
channel region 108. See Figure 1(c). During this 
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process, the gate electrode acts as a mask for ion 
implantation so that the channel is formed only 
underneath the gate in a self -aligned structure. For 
impurity ion incorporation, both ion doping, in which 
non-mass separation equipment is used and hydrogenated 
impurity species as well as hydrogen are incorporated 
into the film, and ion implantation, in which mass- 
separation ion implant ers are used and only the desired 
impurities themselves are incorporated into the film, are 
applicable. Source gases for ion doping use hydrogenated 
species of the impurity ions such as phosphine (PH 3 ) and 
diborane (B 2 H € ) which are diluted in hydrogen to 
concentrations of 0.1% to 10%. In the case of ion 
implantation, hydrogen ions (protons or molecular 
hydrogen ions) are implanted following the implantation 
of the desired impurity elements by themselves. In order 
to maintain a stable MOS interface and gate insulator 
layer, the temperature must be kept at or below 350°C for 
both ion doping and ion implantation • In order to always 
reliably carry out the impurity activation at a low 
temperature of 3 50°C or less, it is desirable to keep the 
substrate temperature above 200°C during implantation. 
On the other hand, to ensure a low temperature activation 
of impurity ions implanted in the channel to control the 
transistor threshold voltage or impurity ions implanted 
in lightly doped regions such as those used to form an 
LDD structure, it is necessary to keep the substrate 
temperature at or above 250 °C during ion implantation. 
The result is that amorphization of the ion implanted 
region can be avoided by performing the ion implantation 
at a such a high substrate temperature since 
recrystallization occurs simultaneously with damage to 
the semiconductor layer. In other words, the ion 
implanted region remains crystalline following 
implantation, and the subsequent activation of the 
implanted ions can still be achieved using a low 
activation annealing temperature of less than aboutr 
3 50°C. When fabricating a CMOS TFT, the NMOS or PMOS 



region is alternately covered by a suitable mask material 
such as polyimide resin, and ion implantation is 
performed using the procedure above. If the substrate 
temperature is kept. below approximately 300°C during ion 
implantation, it is possible to use a cheap, easily 
preserved conventional photoresist as an ion implantation 
mask instead of the polyimide. 

Next, the interlevel insulator film 10 9 is formed by 
either CVD or PVD. Following ion implantation and 
interlevel insulator film formation, ion activation and 
interlevel insulator film densif ication are carried out 
by thermal annealing in a suitable thermal environment at 
temperatures less than about 350°C for a time ranging 
from several tens of minutes to a few hours. It is 
desirable for this annealing temperature to be greater 
than approximately 250 °C to ensure activation of the 
implanted ions. Additionally , for effective 
densif ication of the interlevel insulator film, a 
temperature of 300°C or higher is preferred. The film 
quality of the gate insulator layer and the interlevel 
insulator layer are normally different. Accordingly, 
during the opening of contact holes in the two insulator 
films following interlevel insulator film formation, it 
is common for the etching rates in the two films to be 
different. Under such conditions , an inverse taper in 
which the bottom of the contact hole is wider than the 
top or the formation of a canopy can result . During 
electrode formation, these undesirable structures can be 
causes of poor contact between the electrode and 
underlying layers in the device leading to so-called 
"contact failure." The generation of contact failure can 
be minimized by effective densif ication of the interlevel 
insulator film. Following formation of the interlevel 
insulator layer, contact holes are opened above the 
source and drain regions; and source and drain electrodes 
110 and interconnects are formed by PVD or CVD to 
complete the fabrication of the thin film semiconductor 
device. See Figure 1 (d) . 
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(2, Detailed Explanations of the Individual Steps in the 
Fabrication Process of the Thin Film Semiconductor Device 
of the Present Invention) 

(2-1, Substrates and Underlevel Protection Layers 
5 Suitable for the Present Invention) 

First, substrates and underlevel protection layers 
suitable for the present invention will be explained. 
For the present invention, substrates including 
conductive materials such as metals; ceramic materials 

10 such as silicon carbide (SiC) , alumina (A1 2 0 3 ) , and 

aluminum nitride (AlN) ; transparent insulating materials 
such as fused quartz and glass; semiconductor substrates 
such as silicon wafers or processed LSI; and crystalline 
insulators such as sapphire (trigonal Al 2 0 3 ) can be used. 

15 Low priced conventional glass substrates which can be 

used include Corning Japan's 7059 and 1737 glasses, 
Nippon Electric Glass Co., Ltd.'s OA-2 glass, and NH 
Techno Glass's NA35. The type of substrate is immaterial 
for the semiconductor film; and, as long as least part of 

20 the substrate surface is composed of an insulating 

material, the semiconductor layer can be deposited on top 
of the insulating material * This insulating material 
is known as the underlevel protection layer in the 
present invention disclosure • For example, if a fused 

25 quartz substrate is used as a substrate, it is acceptable 

to deposit a semiconductor film directly on top of the 
fused quartz substrate since the substrate itself is 
insulating. Or, it is acceptable to deposit the 
semiconductor film on top of an underlevel protection 

3 0 layer such as silicon oxide (SiO x : 0<x*2) or silicon 

nitride (Si 3 N x : 0<xs4) which has been formed on top of the 
quartz substrate « When using an ordinary glass 
substrate, it is possible to deposit the semiconductor 
film directly on top of the insulating glass, but it is 

35 desirable to deposit the semiconductor film after the 
formation of an insulating underlevel protection layer 
such as silicon oxide or silicon nitride to avoid * 
penetration of mobile ions like sodium (Na) , which are 
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contained in the glass substrate, into the semiconductor 
film. By so doing, the operational properties of the 
semiconductor device do not vary under operation over a 
long time period or under high voltages, and the 
stability is increased. In the present invention, this 
stability is called transistor reliability. With the 
exception of using crystalline insulating materials such 
as sapphire as substrates, it is desirable to deposit the 
semiconductor film on top of an underlevel protection- 
layer. When using any type of ceramics as a substrate, 
the underlevel protection layer serves to prevent 
sintering aids added to the ceramics from diffusing into 
the semiconductor regions. In the case of metallic 
substrates, the use of an underlevel protection layer is 
essential to maintain the insulating properties. 
Further, with semiconductor substrates or LSI elements, 
inter level insulator films between transistors or between 
interconnects serve the role of underlevel protection 
layers. The substrate size and shape adds no additional 
restrictions as long as the substrates do not shrink or 
distort in the thermal environment during processing. 
Substrates can be anywhere on the order of 3 inch 
diameter (16.2 mm) disks to 560 mm x 720 mm rectangular 
plates. 

After the substrate has been cleaned in deionized 
water, an underlevel protection layer of an oxide such as 
silicon oxide , aluminum oxide, or tantalum oxide; or a 
nitride such as silicon nitride is formed on the 
substrate by CVD methods such as APCVD, LPCVD, or PECVD; 
or by PVD methods. Oxides and nitrides can be formed by 
initially forming a metallic layer such as silicon, 
aluminum, or tantalum on the substrate and then using a 
thermochemical or electrochemical reaction. For example, 
it is possible to form an approximately 200 nm thermal 
tantalum oxide film by first sputtering about 100 nm of 
tantalum and then heating in an oxidizing atmosphere at 
about 450°C to achieve thermal oxidation. Using APCVD, 
it is possible to deposit a silicon oxide film using 
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monosilane (SiHJ and oxygen as source gases at a 
substrate temperature of about 250 to 450°C. PECVD and 
sputtering can form under level protection layers using 
substrate temperatures between room temperature and 
approximately 400 °C. 

In the present invention, because the semiconductor 
layer formed on top of the underlevel protection layer 
functions as the active layer for the transistor and this 
semiconductor layer is formed by crystallization, the 
properties of the underlevel protection layer have a 
strong influence on the quality of the semiconductor 
layer. First, it is desirable to have the center line 
mean surface roughness of the underlevel protection layer 
be 3.0 nm or less. When a semiconductor film such as 
silicon is deposited by CVD on top of an underlevel 
protection layer, the very first stage in film formation 
is the generation of many nuclei on top of the substrate I 
While these nuclei gradually grow, new nuclei form at 
sites on the underlevel protection layer which are not 
yet populated by nuclei. All of these nuclei grow, 
impinge on each other, and eventually link to form a 
film. Regardless of whether the film is amorphous or 
crystalline, all deposited films, having their origin in 
such growth mechanisms, are constructed from regions 
corresponding to nuclei in the early stages of growth* 
Consequently, if the nuclei density is low, the regions 
constituting the film will become large. If the regions 
in the semiconductor film prior to crystallization are 
large, the grains constituting the crystallized film will 
also be large- When the grains in the semiconductor film 
are large, the electrical properties, such as mobility, 
of the semiconductor- device having an active layer 
comprised of these grains improve. According to the 
experiments of the inventor, it has become clear that the 
nuclei density can be kept low if the center line mean 
surface roughness is about 3.0 nm or less with the result 
being the ability to fabricate high performance 
semiconductor devices. The reason for this seems to be 
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that the irregularity in the surface of the underlevel 
protection layer is one factor in nucleation, and the 
nucleation density increases as the surface irregularity 
becomes more pronounced. Further, it is desirable to 
5 have the center line mean surface roughness of the 

underlevel protection layer be about 1.5 nm or less when 
the semiconductor layer is melt crystallized. If the 
gurjage_js_th is smo oth, the melted semiconductor material 
such as silicon spreads readily over the underlevel 

10 protection layer. Because of this, large diameter grains 
can grow easily; and the properties of the thin film 
semiconductor device are improved dramatically. At the 
same time, local agglomeration of the molten material 
during solidification of the melted semiconductor 

15 material does not occur; and the uniformity within the 

molten region increases. The LSI scaling law applies to 
thin film semiconductor devices as well; and it appears 
that the miniaturization of elements will continue in 
step with future integration. As transistor sizes 

20 continue to shrink from the 1 /m order to submicron 

order, how to avoid local agglomeration will be an 
important issue. When fabricating the semiconductor 
layer by melt crystallization, the center line mean 
surface roughness of the underlevel protection layer is 

25 ideally 1.0 nm or less. By meeting this criterion, it is 

possible to produce uniform films, without local 
agglomeration, from semiconductor films with large- 
diameter grains* 

Another role of the underlevel protection layer is 

3 0 to prevent the diffusion of impurity elements from the 

substrate. To do so, it is effective to combine at least 
two or more different types of films in a layered 
structure to act as the underlevel protection layer. For 
example, a layered structure comprising, from the 

35 substrate, a tantalum oxide film, a silicon nitride film, 

and a silicon oxide film can be used. There are various 
types of impurity elements in normal substrates, and* 
these elements have different diffusion coefficients in 



14 



the different insulators mentioned above. It is easily 
possible to have a certain impurity element which 
diffuses slowly through one of the layers comprising the 
underlevel protection layer but diffuses quickly through 
5 another layer. There are various impurity elements 

contained within substrates; and, since there is a fixed 
underlevel protection layer thickness as will be 
explained later, underlevel protection layers formed by 
layering of different layers are more effective in 

10 preventing the diffusion of impurities than single 

layers ♦ Many different materials can be considered for 
the underlevel protection layer; but, from the viewpoint 
of ease of fabrication by processes such as CVD, 
composite layers of silicon nitride and silicon oxide are 

15 the most appropriate. In such two-layer composite or 

multilayer composite underlevel protection layers, it is 
desirable to have the upper most layer be of silicon 
oxide. This is because the interface states which are 
inevitably generated between the underlevel protection 

20 layer and the semiconductor layer are minimized using 

silicon oxide. Especially for thin semiconductor films 
less than a few hundred nm in which the depletion layer 
formed under the transistor operating conditions can 
consume the entire semiconductor layer thickness, it is 

25 essential to suppress such interface states. In the 

present invention, the optimum semiconductor film 
thickness for the thin film semiconductor device varies 
slightly depending on the fabrication process but is less 
than approximately 150 nm. Nevertheless , because the 

30 quality of the semiconductor film is high, there are few 

grain boundary trapping states and few intragranular 
defects. On account of this, the depletion layer extends 
completely through the semiconductor film when the 
transistor is in operation. If there are many interface 

35 states generated at the interface between the underlevel 

protection layer and the semiconductor layer, the spread 
of the depletion layer during channel formation is 
delayed, leading to a high threshold voltage since the 
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interface states effectively act the same as donor and 
acceptor ions. In other words, these interface states 
can become one factor in the degradation of transistor 
properties. The effect of the surface of the underlevel 
protection layer on transistor properties appears when 
the semiconductor layer is less than approximately 150 nm 
thick, and when the effective doping concentration in the 
channel layer {[(acceptor ion concentration) - (donor ion 
concentration) + (concentration of trapping states and 
crystal defects acting as acceptor ions)] for the case of 
NMOS; [(donor ion concentration) - (acceptor ion 
concentration) + (concentration of trapping states and 
crystal defects acting as donor ions)] for the case of 
PMOS} is less than about 1 x 10 xi cm* 3 , or when the 
threshold voltage of the thin film semiconductor device 
is less than approximately 4.5 V. To restore the 
properties of transistors satisfying these conditions, 
it is imperative to control the surface of the underlevel 
insulator layer; and one way to do this is to use silicon 
oxide as the top layer in a mutilayer underlevel 
protection layer composite* 

It is necessary to have a sufficiently thick 
underlevel protection layer to prevent the diffusion of 
impurity ions from the substrate into the semiconductor 
device, and this thickness is on the order of 100 nm as a 
minimum. Considering variations from lot to lot or from 
wafer to wafer within a single lot, it is better to have 
a thickness greater than 200 nm? and, if the thickness is 
300 nm, the film can function sufficiently as a 
protection layer. When the underlevel protection layer 
also serves as an interlevel insulator layer between IC 
elements or the interconnects connecting such elements, a 
thickness of from 400 to 600 nm is common. Since too 
thick of an insulating layer is a cause of stress which 
can lead to cracking, however, a maximum thickness of 
about 2 M m is preferable. Consideration of throughput, 
however, reduces the maximum thickness to I fun. For the 
case mentioned previously of a composite interlevel 



IS 



protection layer comprising a bottom layer of silicon 
nitride and a top layer of silicon oxide, the same 
relations hold; and it is necessary to have a total 
thickness of 100 nm with each layer SO nm thick. In the 
5 thin film semiconductor device of the present invention, 

the gate insulator layer is formed by CVD or PVD at a 
temperature below about 350°C. To obtain a clean MOS 
interface for this process, the native oxide layer on the 
semiconductor layer surface is removed immediately prior 

10 to gate oxide film formation. This native oxide removal 
step does not remove only the native oxide on the surface 
of the semiconductor layer, but also unfortunately 
removes part of the exposed underlevel silicon oxide 
layer surface not covered by the semiconductor layer. 

15 Even after the native oxide removal step, there must be 

100 nm or more of the underlevel protection layer silicon 
oxide for the layer to function properly. In other 
words, the minimum thickness of the silicon oxide layer 
is about 100 nm, and the minimum thickness of the silicon 

20 nitride is about 50 nm. For a thickness of less than 50 
run, the film islands do not link to form a complete film 
leaving gaps sporadically throughout the filnu Since an 
underlevel protection layer loses its ability to prevent 
diffusive impurity penetration, it is necessary to have a 

25 minimum film thickness of 50 nm even when several films 
are used. As mentioned previously, the upper limit on 
the thickness of silicon nitride and silicon oxide films 
is 2 Mm. Because an underlevel protection layer film 
thickness of 300 nm is sufficient and thicker films 

30 actually are stressed leading to cracking or degradation 
of transistor properties, the ideal upper limit is 
approximately 500 nm. When several layers are combined 
in a composite layered structure, the stress conditions 
from each film are different; and if the thicknesses of 

3 5 all films are kept below about 500 nm, there should be no 
problems . 

In general, silicon oxide films deposited by CVD or 
PVD at temperatures less than about 350°C have high 
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internal stress. It is common to relieve a portion of 
such stress by high temperature thermal annealing 
following deposition. In the low temperature process of 
the present invention, however, the maximum processing 
temperature must be kept below about 3 50°C following gate 
insulator formation. Since it is difficult to relieve 
stress in a silicon oxide film subjected to only such a 
low temperature anneal, silicon oxide films thicker^ than 
about 2 (im can lead to cracks in the substrate. 
Additionally, along with increases in substrate size such 
as those greater than 3 00 mm x 300 mm, it becomes easier 
for stresses to accumulate and induce cracking in the 
substrate. The conditions are the same regardless of 
whether the silicon oxide film is a single layer or a 
composite structure, and cracks are generated if the 
total silicon oxide film thickness is 2 ptm or more. In 
the thin film semiconductor device of the present 
invention, an underlevel protection layer of an 
insulating material is deposited on a portion of the 
substrate; and this is followed by fabrication of a field 
effect transistor, comprising a semiconductor layer, gate 
insulator, and gate electrode, on top of the underlevel 
protection layer. This is then followed by formation of 
an interlevel insulator layer between the interconnects 
of the field effect transistor to achieve electrical 
isolation* la addition to at least the upper-most layer 
of the underlevel protection layer being of silicon 
oxide, so is the MOS interface part of the gate 
insulator; and it is normal to also use silicon oxide in 
at least a portion of the interlevel insulator layer. 
Consequently, if the sum of the thicknesses of these 
three types of silicon oxide is less than 2 tim* formation 
of a thin film semiconductor device by the low 
temperature process on large substrates is possible 
without inducing cracking. Of course, it is possible to 
effectively prevent the generation of cracks if the sum 
of the thicknesses of the underlevel protection layer. 
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the gate insulator layer, and the interlevel insulator 
layer is less than 2/xm. 

As was explained previously in the reason for 
preferring the top layer of the underlevel insulator 
layer to be of silicon oxide, when using a high-quality 
semiconductor film for the active layer such as in the 
thin film semiconductor device of the present invention, 
control of the interface between the semiconductor-layer 
and the underlevel protection layer is important. 
Particularly when forming the semiconductor layer using 
melt crystallization, it is desirable to have the surface 
of the underlevel protection layer be as clean as 
possible. If the underlevel protection layer surface is 
clean, this not only reduces the number of interface 
states between the semiconductor layer and the underlevel 
protection layer, but also prevents particulate or other 
contaminants from being incorporated into the 
semiconductor layer during the melt crystallization step. 
Therefore, it is beneficial if the underlevel protection 
layer and the semiconductor layer can be formed 
sequentially in the same piece of equipment. If the 
underlevel protection layer is silicon nitride, silicon 
oxide or a. double layer of both, and the semiconductor 
layer is a silicon or silicon germanium film, it is 
possible to sequentially form such layers using a single 
PECVD reactor. If the mass production of thin film 
semiconductor devices is considered, the deposition 
chamber for these films are periodically cleaned; and it 
is necessary to remove the films which have adhered 
inside the PECVD deposition chamber. If cleaning is not 
carried out and the films continue to adhere, the films 
may eventually peel off and fall or lead to generation of 
abnormal microparticles which result in significant 
decreases in production yield* On the other hand, 
however, during the cleaning step to remove deposited 
thin films from the deposition chamber, trace amounts of 
constituent elements from the cleaning vapors such as 
fluorine (F) and carbon (C) are sure to be left behind in 
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the deposition chamber . Under these conditions, the 
trace elements can be incorporated as impurities into the 
semiconductor film during the deposition process and 
cause degradation of the transistor properties. 
5 Additionally, if the cleaning process is repeated after a 
set number of substrates have been processed, the amount 
of impurities incorporated into substrates just after the 
cleaning step will be large while the amount incorporated 
into substrates just before the cleaning step will be 
10 small. Put another way, the amount of impurities 

incorporated will differ from substrate to substrate; and 
it will not be possible to reliably produce excellent 
^ thin film semiconductor devices. Consequently, in the 

Ifl present invention, the cleaning process is performed as 

\%1S part of the sequential deposition of the films described 
O earlier. In other words, the cleaning process is 

- included with the film deposition process for each 

substrate ♦ As the first step, prior to placing the 
O substrate in the PECVD reactor, the deposition chamber is 

; y 20 cleaned of any films which were deposited during 
I s * processing of the previous substrate. Specifically, 

V s : cleaning gases such as NF 3 , CF 4 , CHF 3 , CH 2 F 2 , and CH 3 F are 

introduced into the deposition chamber separately, or in 
combination with such reaction-controlling gases as 
25 oxygen (0*) # hydrogen (H a ) , or ammonia (NH 3 ) ; or, as need 
be, with such inert gases as helium (He) , argon (Ar) , or 
nitrogen (N^) ; and a plasma is initiated. Thin films 
deposited in the deposition chamber are removed in this 
step. Following completion of this cleaning procedure, a 
30 vacuum is pulled on the chamber to remove as much of the 
remaining gas vapors as possible. Next, in step two, a 
silicon nitride or silicon oxide passivation layer for 
the remaining impurity elements is deposited. The 
impurity elements, in other words, are sealed in by the 
35 passivation layer* As for the case of the underlevel 

protection layer, a passivation layer of more than 100 nm 
will effectively prevent the penetration of the 
impurities. It is necessary to completely remove this 
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passivation layer after the processing of each substrate. 
Therefore, since making the film too thick will slow down 
the manufacturing process by increasing both the time for 
removal in step one and the time for deposition in step 
5 two, the upper limit for the passivation film thickness 

is approximately 1 ^m. When silicon nitride is used as 
the passivation film, ammonia (NH 3 ) and silane (SiH«, 
Si 2 H s , etc.) are used as source gases. For silicon oxide 
passivation layers, nitrous oxide (N 2 0) and silane are 

10 used* Following placement of the substrate in the 
deposition chamber in step three, the underlevel 
protection layer is grown on the substrate in step four* 
The deposited layer functions as the underlevel 
protection layer on top of the substrate but functions as 

IS a second passivation layer on areas in the deposition 

chamber away from the substrate. Because the underlevel 
protection layer by itself is able to prevent the 
diffusion of impurities within the underlevel layer, when 
combined with the passivation layer" deposited in step 

20 two. it is able to almost completely prevent the 

incorporation of impurities into the semiconductor layer. 
Following step four, the semiconductor layer is grown in 
step five without breaking vacuum; and the processing of 
a single substrate is completed with removal of the 

25 substrate from the deposition chamber in step six. The 

same procedure is repeated for each subsequent substrate. 
By following this substrate processing procedure and 
sequentially depositing the underlevel protection layer 
and the semiconductor layer, it is possible to keep the 

30 interface between the underlevel protection layer and the 
semiconductor clean and fabricate excellent thin film 
semiconductor devices. Further, it is possible to keep 
the amount of impurities such as fluorine and carbon 
incorporated in the semiconductor layer to a minimum. 

35 Even if there are minute amounts within the films, since 
it is possible to always keep the amount constant, the 
result is the ability to reliably produce excellent thin 
film semiconductor devices in a high productivity 
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process* 

(2-2 , Semiconductor Films in the Present Invention and 
the Source Gases used to Grow Them) 

7^ In the present invention, semiconductor films are 
deposited on some type of substrates. This is a feature 
common to all the following inventions. In addition to 
being applicable to single element films such as silicon 
(Si) and germanium (Ge) , the following types of 
semiconductor films are also possible; group IV compound 
semiconductor films such as silicon germanium (Si x Ge t . x : 
0<x<l) , silicon carbide {S± x C lmX i 0<x<l) , and germanium 
carbide (Ge x C x . x : 0<x<l) ; III-V compound semiconductor 
films such as gallium arsenide (GaAs) , and indium 
antimonide (InSd) ; II-VI compound semiconductor films 
such as cadmium selenide (CdSe) . The present invention 
is also applicable to higher compound semiconductor films 
such as silicon germanium gallium arsenide (Si^GeyGa^As,: 
x + y + z »l) as well as N-type semiconductor films in 
which donor elements such as phosphorous (P) , arsenic 

(As) f or antimony (Sb) have been added and P-type 
semiconductors in which acceptor elements such as boron 

(B) , aluminum (Al) , gallium (Ga) , and indium (In) have 
been added* 

When semiconductor films are deposited by CVD in the 
present invention, the films are deposited using as 
source gases chemical species containing the constitutive 
elements of the films. For example, when the 
semiconductor film is silicon (Si) , a silane such as 
monosilane (SiH,) , disilane (Si^) , trisilane (Si 3 H s ) , or 
dichlorosilane (SiH 2 Cl 2 ) is used as a source gas. In the 
present invention disclosure, disilane and trisilane are 
called higher silanes (Si^^: n is an integer greater 
than or equal to 2) . If germanium (Ge) is the 
semiconductor film, germane (GeH 4 ) is used; and phosphine 
(PH 3 X and diborane (B 2 H € ) can be used in addition if 
phosphorous (P) or boron (B) are to be added to the 
semiconductor film. Although chemical species containing 
the constitutive elements of the various types of films 
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mentioned above can be used as source gases, it is 
preferable to use hydrogenated species of the 
constitutive elements since some of the source gases will 
always be incorporated into the semiconductor film. For 
example, silicon films grown from dichlorosilane (SiH 2 Cl 2 ) 
will always contain some chlorine (CI) whether in small 
°r large amounts; and this incorporated CI can lead to 
the degradation of transistor properties when the silicon 
film is used as the active layer in a thin film 
semiconductor device. Therefore, monosilane (SiHJ f a 
hydrogenated form of the constituent element, is 
preferable over dichlorosilane. As high a purity as 
possible for the source gases, and dilution gases if need 
be, is desirable. Considering that costs increase as the 
technological difficulties in producing high purity gases 
grow, a purity of 99.9999% or higher is desirable. The 
background pressure of common semiconductor film 
deposition equipment is on the order of 10'* torr, and the 
process pressure is from 0.1 torr to a few torr. 
Therefore, the ratio of the incorporation of impurities 
from the background pressure in the film growth step is 
on the order of 10" 5 to 10"*. The purity of the source or 
dilution gases is sufficient if it is equivalent to the 
ratio of the process pressure to the background pressure 
of the equipment using the gases. As a result, a purity 
.of 99.999% or more (impurity ratio of 1 x 10* s or less) 
for gases flowing in the deposition equipment is 
desirable in the present invention. If the purity is 
99.9999% (impurity ratio of 1 x 10"* or less), there is 
absolutely no problem for use as a source gas; and, in 
the ideal case in which the purity is ten times that of 
the ratio of the background pressure to the process 
pressure (99.99999% in the present example; impurity 
ratio of 1 x 10* 7 or less) , the incorporation of 
impurities from the gases need not even be considered. 
(2-3, LPCVD Reactor used in the Present Invention) 

The LPCVD reactor used in the present inventidh to 
deposit semiconductor films by the LPCVD process will be 
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explained. The LPCVD reactor can be either of the 
vertical or. horizontal furnace type . Generally, the 
deposition chamber is made of quartz or like material, 
and the substrates are placed near the center region of 
5 the deposition chamber. The outside of the deposition 
chamber is divided into multiple zones with heaters 
located in each zone. A uniform thermal region is 
created at the desired temperature in the region around 
the center portion of the reaction chamber by using these 
10 heaters which can be independently controlled. This is a 
so-called hot wall LPCVD reactor. By independently 
controlling the individual heaters, it is possible to 
keep the temperature variation within the uniform thermal 
region to within 0.2°C. Even though this temperature 
15 variation is very slight, it is always present, and is 
the leading cause of variations in film thickness. 
Additionally, since film thickness uniformity over one 
substrate is given preference over film thickness from 
substrate to substrate , it is desirable to set the 
20 substrates parallel with respect to the radial heating 
direction of the heaters. For example, for a vertical 
furnace LPCVD reactor, the semiconductor film thickness 
is more uniform when the substrates are placed 
approximately horizontal as opposed to when they are 
25 placed vertically. Conversely, for a horizontal reactor, 
it is better to place the substrates approximately 
vertically. The source gases such as silane (SiH 4 ) , 
disilane (Si^) , or germane (GeHJ and, when need be, 
dilution gases such as helium, nitrogen, argon, and 
3 0 hydrogen enter the deposition chamber from a gas 

introduction port set up in a given direction. After 
depositing a semiconductor layer on the multiple 
substrates set in the' central region of the deposition 
chamber as well as on the side walls of the deposition 
35 chamber, the gases are exhausted from a location opposite 
to that of the entrance port. The gases are pumped 
through a gate valve or a conductance valve by a pufttping 
system which may consist of a turbomolecular pump and a 



24 

rotary pump, for example. In the present invention, the 
pumping system consists of a turbomolecular pump and a 
rotary pump; but combinations with mechanical booster 
pumps or dry pumps are also acceptable. Regardless of 
whether the reactor is vertical or horizontal, it is 
relatively simple to achieve uniformity of the 
semiconductor film by basically aligning the direction of 
gas flow in the deposition chamber with the direction 
normal to the substrates set in the deposition chamber . 
In other words, in the case of a vertical reactor, it is 
preferable to have vertical gas flow since the substrates 
are placed approximately horizontally as mentioned 
previously, rn a similar fashion, it is preferable to 
have horizontal gas flow in a horizontal reactor because 
the substrates are placed vertically. The LPCVD reactor 
used in the present invention is a high vacuum reactor 
with a background pressure in the 10* 7 torr range. 
Consequently, it is possible to pump the inevitable 
outgassing from the substrates and substrate boat at a 
sufficient rate. The outgassing impurity species from 
the substrate and boat, which include water and oxygen 
among others, are impediments to the growth of good 
semiconductor films. These outgassing impurities from 
the substrates and boat can become nuclei for the 
deposited film during the initial stages of deposition of 
a silicon or other type of semiconductor film. If the 
outgassing is not exhausted sufficiently, there will be a 
large amount of adsorbed impurity gases on the substrate 
surface leading to the generation of many nuclei. Even 
when the semiconductor film is crystallized by thermal 
annealing or laser irradiation* following deposition, the 
presence of the many nuclei resulting from the outgassing 
will result in the average grain size of the crystallized 
film being small and cause a degradation in the 
transistor properties. Additionally, the trapping of 
outgassing impurities in the semiconductor film during 
growth leads to further decline in transistor properties. 
As explained in section (2-1) , the film quality and 
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surface roughness of the underlevel protection layer play 
an important role in suppressing the generation of 
nuclei. At the same time, the deposition conditions of 
the semiconductor film must also be carefully controlled. 
Consequently, in addition to the regulation of the 
surface of the underlevel protection layer in order to 
minimize the generation of nuclei, the use of an LPCVD 
reactor which can sufficiently pump the unavoidable^ 
outgassing from the substrates and the surrounding 
surfaces is indispensable ♦ 

In LPCVD, semiconductor films are deposited on top 
of substrates using thermal decomposition of the source 
gases . The two biggest issues in using LPCVD to 
fabricate films on large substrates such as those 3 00 mm 
x 300 mm at relatively low temperatures while maintaining 
high productivity are the deposition rate (DR) and the 
uniformity. For example, consider the deposition of a 
silicon layer on a large area, conventionale low cost 
glass substrate as mentioned previously. For substrates 
300 mmx 300 mm or larger, distortion of the substrate 
from its own weight will occur during film growth, 
regardless of the setting of the substrate, unless the 
deposition temperature is kept below about 450 °C. It 
goes without saying that such thermal distortion 
decreases for lower deposition temperatures; but for the 
distortion to decrease to such an extent that it has 
absolutely no effect on later process steps such as 
exposure during patterning, the deposition temperature 
must be less than about 430°C. Although semiconductor 
films such as silicon are deposited at a low temperature 
of 425°C using higher silanes like disilane, decreasing 
the deposition temperature to such levels results in an 
extremely low deposition rate. Therefore, in order to 
obtain a high deposition rate even at such a low 
deposition temperature, the deposition pressure is 
increased. Since gas density is proportional to 
pressure, an increase in deposition pressure is 
equivalent to an increase in the source gas density. The 
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result is an increased rate of transport of the source 
gases over .the substrate surface and hence a higher 
deposition rate. Unfortunately, however, using such a 
deposition procedure causes the outer region of large 
5 substrates to be especially thick; and the result is a 

deterioration in the film uniformity over the surface of 
the substrate. The difference in film thickness between 
the central and outer portions of the substrate becomes 
conspicuous as the substrate size increases as well as 

10 when the deposition temperature decreases. One reason 

for this seems to be the generation of turbulence at the 
substrate edge when the rate of source gas transport 
increases. As a result of the turbulence, a 
significantly large amount of gas is transported to only 

IS the edge regions with the final result being that the 

film is thicker along the edges as compared to the 
central portion of the substrate. Another reason seems " 
to be that the transport rate of the gases to the center 
of the substrate decreases as the substrate size 

20 increases. In other words, in order to obtain both a 

high deposition rate and uniform film thickness 
distribution at low temperatures less than 450 °C or less 
than about 430°C, it is essential to always have a high 
gas phase transport rate regardless of whether it is at 

25 the edge or center of the substrate as well as to 

minimize the generation of turbulence at the substrate 
edge. The inventor has performed a series of experiments 
which has shown that for a vacuum level characterized by 
a source gas partial pressure (disilane partial pressure 

3 0 if disilane is the source gas) of between about 10 mtorr 

and 5 torr during deposition,, the degree of turbulence 
and differences in transport rate are dependent upon the 
spacing, d, between substrates in the LPCVD reactor and 
can be controlled to a certain degree. In the 

35 experiments, it was recognized that film thickness 

uniformity generally tended to improve as the substrate 
spacing d increased; and, further, that in order to" 
obtain the same level of uniformity for larger 
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substrates, an even larger substrate spacing was 
necessary. _ It appears that the uniformity improved as a 
result of two phenomena. As the substrate spacing was 
increased by a certain degree, there was an increase in 
effective gas transport to the center region, and the 
difference in the amount of transport between the central 
and outer regions decreased. Additionally, the 
generation of turbulence at the substrate perimeter, also 
decreased. Specifically, in the deposition temperature 
range of about 410°C to 440°C, film thickness uniformity 
can be improved by satisfying the conditions of equation 
(1) shown below for substrates having an area greater 
than or equal to about 90000 mm 5 (substrate size of 3Q0 mm 
x 300 mm) : 

da0.02 x S l/3 (mm) ... (1) • 
For example, a substrate spacing d of € mm or more for 
300 mm x 300 mm substrates in a LPCVD reactor is good* 
Excluding the outer 1 cm of 300 mm x 300 mm substrates, 
the variation in film thickness was 3.4% when the 
substrates were set 7.5 mm apart in an LPCVD reactor for 
the following deposition conditions: actual deposition 
temperature of 425°C, disilane flow rate of 200 seem, 
helium flow rate of 1000 seem, pressure of 1.2 torr, 
disilane partial pressure of 200 mtorr, and a deposition 
rate of 0.85 nm/min. (Film thickness variation is 
defined as (max - min) / (max + min) in which max and min 
are the maximum and minimum film thicknesses, 
respectively, in the 280mmx280mm area of the 
substrate which excludes the outer 1 cm around the 
perimeter.) In contrast, a film thickness variation of 
3. 9% was obtained for the same -size substrates under the 
exact same deposition conditions when the substrates were 
placed 5 mm apart in the LPCVD reactor. As will be 
explained in another section, the semiconductor film 
thickness has a strong influence on the performance of 
the thin film semiconductor devices. As long as the film 
thickness variation is less than about 5%, however, "there 
is essentially no problems in variation of device 
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performance. In a similar manner, while a film thickness 
variation of- 4*2% was obtained when 3 60 mm x 465 mm 
substrates were loaded in the LPCVD reactor with a 
spacing of 10 mm, the variation was 10.1% for a spacing 
of 7.5 mm. According to equation (1), a substrate 
spacing of greater than or equal to 8.2 mm is necessary 
for 3 60 mm x 465 mm substrates; and this is faithfully 
supported by the actual results. In this manner, a 
reactor with a 120 cm wide uniform thermal zone can 
process 100 substrates if the substrates are spaced 10 mm 
apart even if dummy substrates are placed one each at the 
top and bottom (or front and back) . As will be explained 
in the following section, the processing time for one 
batch using the deposition procedure in this invention is 
on the order of 3 hours. Consequently, the processing 
time for a single substrate (called the tact time in this 
invention) is one minute and 48 seconds. When LPCVD 
reactor maintenance and down time is added, the tact time 
becomes 2 minutes. In other words, it is possible to 
fabricate thin film semiconductor devices with good 
thickness uniformity and high productivity. 

As mentioned previously, a decrease in deposition 
temperature accompanies a decrease in deposition rate and 
makes the attainment of uniformity difficult. If the 
deposition temperature is less than about 410°C, equation 
(2) below replaces equation (1) : 

daO.04 x S l/a (mm) . . . (2) . 
If the substrates are set according to equation (2) , good 
uniformity is possible just as in the case of equation 
(1) . Aa shown in Figure 3 (a), when two substrates are 
placed back-to-back in a vertical configuration as one 
pair in a horizontal LPCVD reactor for deposition of a 
semiconductor film, the distance between adjoining pairs 
corresponds to the substrate spacing d. Considering the 
previous example of 3 60 mm x 465 mm substrates, it 
becomes possible to process 200 substrates in a single 
batch; and, further, the productivity is increased fcy a 
factor of two. A similar relationship holds for vertical 
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LPCVD reactors. In this case as well, two glass 
substrates -are placed back-to-back as one pair and set 
approximately horizontal. In other words, in one pair of 
glass substrates, the front of the lower substrate is 
facing down while the front of the upper substrate is 
facing up. As for the case of the horizontal reactor, 
the spacing between pairs of subst rates corresponds to 
the substrate spacing d. See Figure 3 (b) . Figures 
shows one problem which occurs when large substrates are 
set horizontally in a hot -wall vertical LPCVD reactor. 
The center region of the substrate warps. This warp 
increases as the substrate size increases and also 
increases for lower glass strain point substrates. 
Conversely, high strain point glass substrates with good 
thermal resistance tend to have higher prices. As shown 
in Figure 3 (b) , when setting several glass substrates in 
two- substrate pairs in an LPCVD reactor, semiconductor 
films are deposited using substrates with different 
strain points paired together with the high strain point 
glass substrate used on the bottom. Because the high 
strain point glass has little warp, the low strain point 
glass substrate placed on top can also be made to have 
little warp using this technique. As a result, it is 
possible to use even cheaper glass substrates. That is, 
pairing two glass substrates not only simply increases 
the productivity by a factor of two, but also allows the 
price of one LCD to be easily reduced. 
(2-4, LPCVD Semiconductor Film Deposition using the 
Present Invention) 

As explained in the preceding section, a deposition 
temperature which is as low as -possible is desirable for 
use with conventional, large area glass substrates. A 
decrease in deposition temperature, however, also means a 
decrease in deposition rate. In addition to the obvious 
decrease in productivity which, results from the longer 
time necessary for film deposition with a lower 
deposition rate, a slower deposition rate also has 
deleterious effects on thin film semiconductor device 



performance. Put another way, in the fabrication of a 
good thin film semiconductor device with a silicon- 
containing semiconductor layer by the low temperature 
process, when depositing the semiconductor film using 
disilane or a higher silane at a deposition temperature 
less than 450 °C, especially less than or equal to 
approximately 430°C, if the deposition rate is about 0,20 
nm/min or higher , a high mobility thin film semiconductor 
device can be achieved. Further, if the deposition rate 
is about 0.60 nm/min or more, it is possible to decrease 
the variation of transistor properties within a single 
substrate. Additionally, it is possible to fabricate a 
thin film semiconductor device having good transistor 
properties using a poly-Si TFT in which the gate Si0 2 
insulator layer is formed without the use of ECR-PECVD, 
and in which the pure silicon semiconductor film is 
deposited at a deposition temperature less than about 
. 430°C with a deposition rate of about 0.20 nm/min or more 
and is stable with respect to laser variations during 
melt crystallization. In fact, amorphous silicon films 
deposited at a deposition temperature of 400 °C, disilane 
flow rate of 200 seem, helium flow rate of 1000 seem, 
pressure of 880 mtorr, disilane partial pressure of 147 
mtorr, and a deposition rate of 0.12 nm/min as well as 
those deposited at a deposition temperature of 42S°C, 
.disilane flow rate of 200 seem, hydrogen flow rate of 200 
seem, pressure of 131 mtorr, disilane partial pressure of 
65.5 mtorr, and a deposition rate of 0-19 nm/min showed 
black spots throughout transmission electron micrographs 
and had small grain sizes following crystallization by 
RTA. Aa a result, the mobilities were also low when 
these films were employed as the active layer in 
transistors. Although the details may not be certain, 
the following explanation may explain why black spots are 
seen in transmission electron micrographs and transistor 
properties degrade when films are deposited with a ^ 
deposition rate less than 0.20 nm/min. Perhaps if the 
growth rate is excessively slow, the surface of the 



growing film is exposed for a longer time to the gas 
phase with the result being that more impurities from the 
background vacuum are incorporated • Therefore, the lower 
limit of the deposition rate depends on the background 
pressure in the LFCVD reactor. In other words, in an 
LPCVD reactor with a background pressure of 1 x 10 " 7 torr 
to 1 x 10** torr such as the one in the present invention, 
a good semiconductor film can be deposited if the 
deposition rate is greater than or equal to 0.20 nm/min. 
If the deposition rate becomes greater than or equal to 
0.60 nm/min, the effects from gas impurities disappear 
completely; and the amount of variation in transistor 
properties decreases as well* Further, as will be 
explained later, the optimum film thickness of the 
semiconductor film for a thin film semiconductor device 
formed by LPCVD in the present invention is about 50 nra. 
Therefore, the deposition time is on the order of 80 
minutes for a deposition rate greater than or equal to 
0.60 nm/min. Including the approximately 20 minutes 
necessary to insert the substrates in the LPCVD reactor 
and pull a vacuum, the approximately one hour for 
preliminary heating prior to film growth, the 
aforementioned one hour and 20 minutes for deposition, 
and the approximately 20 minutes necessary for pulling a 
vacuum after film growth and unloading the substrates, 
the total processing time for one batch is about three 
hours. As shown in the previous section, the tact time 
for processing a batch of 100 substrates is about two 
minutes? and extremely high productivity with a tact time 
of less than one minute can be realized if the method of 
pairing two substrates together is used* 

As has been explained in the preceding- sections, in 
order to reliably fabricate a high performance poly- Si 
TFT on large substrates with the low temperature process, 
a silicon-containing semiconductor film deposition 
temperature of less than approximately 430°C, deposition 
rate greater than or equal to 0.6 nm/min, and a film 
thickness variation of less than about 5% over a large 



substrate are ideally required. For the case in which a 
higher silane such as disilane is used as the source gas 
in film formation using LPCVD, these conditions can be 
satisfied by a providing a relationship between the total 
surface area A (cm 2 ) inside the LPCVD reactor which can be 
covered with the semiconductor film and the flow rate Q 
(seem) of the higher silane introduced into the 
deposition chamber during growth. In other words, by 
controlling the higher silane flow rate per unit area, R 
(sccm/cm 2 ) which is given by 
R =* Q/A, 

it is possible to satisfy the three ideal conditions 
mentioned above. In the growth of semiconductor films by 
LPCVD, the deposition temperature mainly determines the 
chemical reaction rate at the surface of the substrates. 
On the other hand, there is a positive correlation 
between the spatial concentration of the source gas and 
the rate of transport of the source gas in the gas phase. 
The concentration of the source gas C is related to the 
source gas pressure P and the temperature T g by 
C - P/kT g 

in which k is the Boltzmann constant. When further 
increasing the deposition rate with the deposition 
temperature set at a fixed value, that is, with the 
potential rate of surface reaction fixed, it is common to 
increase the actual surface reaction rate by increasing 
the source gas pressure P to increase the rate of 
transport in the gas phase. But, as mentioned 
previously, increasing the deposition rate by increasing 
the pressure unfortunately harms the film thickness 
uniformity ♦ While this fact is recognized, the pressure 
inside the deposition chamber P is related to the pumping 
speed S and the gas flow rate Q by 
P » Q/S. 

Here there are three independent variables related by a 
single equation which results in the existence of two 
independent variables. In other words, if only pressure 
P is fixed, it is not possible to determine a single 
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physical condition. This means that for an identical 
pressure of 100 mtorr, a system with a gas flow rate of 
100 seem and a pumping speed of 1 sccm/mtorr is 
completely different than a system with a gas flow rate 
5 of 1 seem and a pumping speed of 0.01 sccm/mtorr. The 

inventor noticed this fact, and examined what kind of 
effect changes in the deposition chamber pumping speed 
and the disilane source gas flow rate had on the 
deposition rate and the film thickness uniformity while 

10 keeping the deposition temperature and deposition 

pressure constant. The results showed that even for a 
fixed deposition temperature and deposition pressure, the 
deposition rate increased along with increases in source 
gas flow rate; and further that the film thickness 

15 uniformity was improved. Additionally, this relationship 
was recognized to be strongly related to the total 
surface A inside the reaction chamber; and that it is 
necessary to increase the source gas flow rate in 
proportion to the total surface area. This will be 

20 explained using Figure 5. Amorphous silicon films were 
deposited in a 184. S 1 vertical, hot wall LPCVD reactor 
with thirty five 300 tnm x 300 mm substrates placed a 
distance of 10 mm apart. The total surface area of the 
35 substrates was 63000 cm 2 since the area of one 

25 substrate (front and back) is 30 cm x 30 cm x 2 or 1300 

cm*. Since the surface area of regions inside the reactor 
which can be coated with the semiconductor film during 
deposition is 25262 cm 2 , the total surface area which can 
be coated inside the reactor is 

30 A » 63000 + 25262 * 88262 cm 2 . 

Under these conditions, semiconductor films were 
deposited by flowing only disilane into the deposition 
chamber at a deposition temperature of 425 °C and a 
deposition pressure of 320 mtorr. The disilane flow rate 

35 was varied from 50 seem to 400 seem while the deposition 

pressure was kept constant at 320 mtorr by varying the 
deposition chamber pumping speed by means of the LPCVD 
reactor pressure control unit. The deposition rate as a 



function of disilane flow rate under the given conditions 
is shown by -the circular data points and the "DR" solid 
line in Figure 5 while the film thickness variation is 
shown by the square data points and the U V dashed line. 
Since A is 88262 eta 2 , the corresponding R values for the 
given flow rates, Q, are: Q * 50 seem, R = 5 . 66 x 10* 4 
seem/ cm 2 ; Q » 100 seem, R ^ 1.13 x 10* 3 seem/cm 2 ; Q =» 200 
seem, R » 2.27 x 10* 3 seem/ cm 2 ; and Q =* 400 seem, R ^4.53 
x 10" 3 sccm/cm 2 . For R greater than 2.27 x 10' 3 seem/cm 2 , 
the deposition rate is essentially saturated; and the 
surface reaction rate and the potential rate of surface 
reaction nearly agree. As discussed previously, for a 
fixed deposition temperature and deposition pressure, a 
higher deposition rate is preferred from both the 
viewpoint of productivity and the viewpoint of 
semiconductor film quality. When the deposition rate is 
high, the film growth rate is large compared to the 
nucleation rate so that both the grain size in the films 
after crystallization increases and the amount of 
impurity gases from outgassing incorporated into the film 
is decreased. Both of these factors lead to improvement 
in the semiconductor film quality and mean increases in 
mobility and decreases in threshold voltage when these 
films are used as the active layer in thin film 
semiconductor devices. 

Additionally, the decrease in impurity incorporation 
leads to suppression of the poly-Si TFT off current. On 
account of these factors, a high deposition rate is 
preferred, and as seen in Figure 5, this value saturates 
for R greater than or equal to 2.27 x 10" 3 sccm/cm 2 . 
Consequently, a value of the higher silane flow rate per 
unit area of about 2.27 x 10* 3 sccm/cm 2 or more is 
preferred for the deposition of semiconductor films. The 
present experiment was performed in a vertical reactor 
with the gas introduced from the top and exhausted from 
the bottom. Using R - 5.66 x 10' 4 sccm/cm 2 resulted in a 
difference in deposition rate of 18% between the upper 
most substrate and the lower most substrate* For R 
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greater than or equal to about 1.13 x 10"* sccm/cm 2 , this 
difference was practically unobservable; and, therefore, 
to obtain uniformity among substrates, an R value greater 
than or equal to about 1.13 x 10* 3 sccm/cm 2 is desirable. 
5 Further, as seen in Figure 5, an R s 4.54 x 10" 3 sccm/cm 2 

is ideal since the variation within a single substrate is 
5% or less and gives a high deposition rate of 1.30 
nm/min. ■'" - 

The source gas flow rate which corresponds to the 
10 total surface area in the LPCVD reactor which can be 

covered with a semiconductor film must also be varied. 
In other words, the parameter which must be controlled is 
the higher silane flow rate per unit area, R. The exact 
same experiment described above was repeated with 
15 seventeen 235 mm x 235 mm substrates placed a distance of 
20 mm apart in the LPCVD reactor- The substrate area was 
23.5 cm x 23.5 cm x 2 x 17 - 18777 cm 2 . This was combined 
with the reactor area of 25262 cm? to yield a total 
surface area of 44039 cm 2 . R values of about 5*66 x 10* 4 
20 sccm/cm 2 , 1.13 x 10° sccm/cm 2 , 2.27 x 10° seem/ cm 2 , and 

4.53 x 10' 3 sccm/cm 2 correspond to higher silane flow 
— grates of 25 seem, 50 seem, 100 seem, and 199 seem, 
respectively* When the deposition rate and film 
thickness uniformity among substrates was examined for 
25 the given disilane flow rates, behavior identical to 

that found previously was confirmed. That is, in 
addition to the deposition temperature and deposition 
pressure, the higher silane flow rate per unit area is a 
parameter necessary to unambiguously define the physical 
3 0 system* According to the discovery above, an R value of 
about 1.13 x 10° sccm/cm 2 or more is required for the 
deposition of a silicon-containing film at a deposition 
temperature of about 430*C or less and a disilane partial 
pressure of about 100 mtorr or more. For example, for 
35 the deposition of a semiconductor film using one hundred 
400 mm x S00 mm substrates set 15 mm apart in a 900 mm 
diameter cylindrical deposition chamber, the substrate 
surface area is 400000 cm 2 ; and the surface area inside 
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the deposition chamber is about 56550 cm 2 , leading to a 
% total surface area A of about 45650 cm 2 . Therefore, the 
minimum necessary silane flow rate is given by the R 
value of 1.13 x 10" 3 sccm/cm 2 multiplied by the area A or 
5 518 seem. Similarly, a minimum flow rate of about 1050 

seem is necessary for semiconductor film deposition in 
the case in which there are one hundred 560 mm x 720 mm 
substrates placed 25 mm apart in a 1200 mm diameter* 
chamber since A is approximately 919500 cm 2 and R * 1.13 
10 x 1Q-* sccm/cm 2 . 

(2-5, Poly-Si TFT Channel Layer Thickness and Transistor 
Properties) 

Here, the relationship between the semiconductor 
film thickness of the active layer forming the channel in 

15 a poly-Si TFT thin film semiconductor device and the 

transistor properties will be discussed. Generally , the 
optimum film thickness for the semiconductor film to be 
used as the channel in a thin film semiconductor device 
depends strongly on the fabrication method. This is 

20 because the film quality of the semiconductor film varies 

widely with the film thickness. For example, in systems 
such as SOS (silicon on sapphire) and SOI (silicon on 
insulator) in which the film quality does not, as a rule, 
depend on the film thickness, the transistor properties 

25 improve for thinner semiconductor films* (Here, this 

principle is called the thin film effect.) This is 
because the inversion layer quickly spreads throughout 
the entire film thickness and the inversion layer can 
form readily in the case of thin semiconductor films (the 

30 threshold voltage Vth decreases) . On the other hand, in 

thin film semiconductor devices using polycrystalline 
silicon films for the channel layer, the quality of the 
semiconductor film is vastly different depending on the 
film thickness; and the mechanism mentioned above is much 

35 more complicated. Usually, the film quality of 

polycrystalline films worsens as the film thickness 
decreases. Specifically, in comparison to thick films, 
the grain size in thin films is smaller; and the number 



of internal grain defects and grain boundary traps is 
simultaneously large. If the grain size is small, the 
mobility of thin film semiconductor devices using such 
films will be low. Additionally, if the number of 
internal grain defects and grain boundary traps is large, 
the spread of the depletion layer slows; and the 
threshold voltage Vth increases substantially. (Here, 
this principle is called thin film degradation.) - _ 
Ultimately, the thin film effect mentioned earlier and 
thin film degradation are competing processes. If the 
films are made thin but there is little change in film 
quality (thin film degradation is small) , the thin film 
effect is applicable? and the transistor properties 
improve with thinner films. Conversely, if the films are 
made thin and there is a remarkable degradation of the 
film quality (thin film degradation is large) , the thin 
film effect is canceled; and transistor properties worsen 
for thinner films. In other words, depending on the 
magnitude of the film quality dependence on the film 
thickness, the transistor properties may improve or may 
worsen with the use of thinner films. This dependence 
of film quality oa film thickness differs depending on 
fabrication technique; and also differs depending on film 
thickness. Consequently, the optimum semiconductor film 
thickness is completely different depending on the 
fabrication process of the thin film semiconductor 
device; and the optimum thickness value must be 
determined for each fabrication process. 
(2-6, Optimum Film Thickness for the LPCVD-- 
Crystallization Method) 

Here, the optimum poly-Si *TFT semiconductor film 
thickness for a semiconductor film fabricated by first 
using LPCVD at a deposition temperature less than about 
450 °C, ideally about 430°C or less, followed by 
crystallization for use in a low temperature process thin 
film semiconductor device of the present invention as 
described above is explained. Using LPCVD at less than 
about 450 0 C, or less than or equal to about 430°C, the 
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deposited film can coalesce to form a continuous film 
when the film thickness reaches approximately 10 nm or 
more. If a continuous film does not form but only island 
regions exist, the semiconductor w on" characteristics 
will be extremely poor because the film will still be 
discontinuous after crystallization regardless of the use 
of melt crystallization or solid phase crystallization. 
In short, thin film degradation has overwhelmingly ^ 
defeated the thin film effect. Therefore, the minimum 
film thickness for LPCVD- -crystallization is on the order 
of about 10 nm. As film thickness reaches about 20 nm or 
more, the transistor properties of melt crystallized 
films begin to improve. In the melt crystallization of 
semiconductor films, crystallization occurs with the 
gathering of peripheral semiconductor atoms around a 
single central nucleus during the cooling solidification 
stage. Because of this, when film thickness is less than 
about 20 nm, even if a continuous film forms immediately 
after deposition by LPCVD, cracks and crevices are 
generated throughout the film following melt 
crystallization; and transistor properties still do not 
improve. In other words, in LPCVD — melt crystallization, 
thin film degradation dominates for films less than about 
20 nm. As the film thickness reaches more than about 20 
nm, thin film degradation gradually decreases; and the 
thin film effect begins to rival thin film degradation. 
Continuing the trend in increased film thickness, 
transistor properties are best for film thickness between 
about 20 nm and about 80 nm. For thicknesses greater 
than about 80 nm, the thin film effect predominates, and 
transistor properties deteriorate along with increases in 
film thickness. For semiconductor films about 30 nm or 
thicker, stable and reliable production is possible. 
Particularly with the advance of high precision 
processing, the problem of contact failure between the 
semiconductor film and the metallization can be decreased 
significantly for films approximately 3 0 nm or thidker 
when such processes as reactive ion etching (RIE) are 



used to open contact holes in the interlevel insulator 
layer or the gate insulator layer. Usually the combined 
thickness of the gate insulator layer and interlevel 
insulator layer is about 600 nm; and if the film 
thickness variation for this thickness is ±10%, or a 
total of 20%, the difference in film thickness between 
the thinnest insulator layer and the thickest insulator 
layer is on the order of 120 nm. Since the selectivity 
ratio of RIE with respect to semiconductor films is about 
1:10, approximately 10-15 nm of the semiconductor layer 
lying beneath the thinnest insulator layer is removed 
during the opening of contact holes in the thickest 
insulator layer. Thus, even if about 15 nm is lost in 
such a manner during the opening of contact holes, the 
contact resistance is sufficiently low and the problem of 
contact failure does not occur if the semiconductor film 
thickness is about 3 0 nm or more. If the semiconductor 
film thickness is less than or equal to about 70 nm, the 
entire semiconductor layer can be uniformly heated and 
crystallization can proceed smoothly during melt 
crystallization using a laser or other means. If, 
however, the film thickness is greater than about 140 nm, 
only the upper portion of the layer is melted during 
laser irradiation from above and the bottom portion of 
the layer retains amorphous regions. This adds to the 
thin film effect and the transistor properties 
deteriorate profoundly. In other words, the maximum film 
thickness for the LPCVD- -crystallization method is on the 
order of 140 nm. 

(2-7, Semiconductor Film Deposition Using the PECVD 
Process of this Invention) 

The method of forming the semiconductor film of the 
thin film semiconductor device of this invention using 
the PECVD process will be described. The PECVD reactor 
used here is the capacitively- coupled type. The plasma 
uses industrial frequency rf waves (13.56 MHz) and is 
generated between two parallel plate electrodes. Of* the 
two parallel plate electrodes, the lower parallel plate 



electrode has ground electrical potential. The substrate 
on which the semiconductor film is to be deposited is 
placed on this electrode. The rf waves are supplied to 
the upper parallel plate electrode. In addition, multiple 
gas introduction ports exist in the upper parallel plate 
electrode, and the source gases are supplied in a uniform 
laminar flow from this electrode to the deposition 
chamber. The pressure at the time the film formation 
takes place is from approximately 0.1 torr to 
approximately 5 torr. The distance between the parallel 
plate electrodes can be varied from about 10 mm to about 
50 mm. 

After forming the underlevel protection layer on at 
least a portion of the substrate surface using an 
insulating material, such as a silicon oxide film, a 
semiconductor film is formed on top of this underlevel 
protection layer. Ultimately, a thin film semiconductor - 
device that uses the semiconductor film as the 
transistor' s active layer will be produced. When a 
semiconductor film is to be deposited using the PECVD 
process, initially the underlevel protection layer is 
exposed to an oxygen plasma after the substrate has been 
placed in the deposition chamber of the PECVD reactor. 
The oxygen plasma is generated at an electrode spacing of 
about 15 mm to 35 mm, a pressure of about 1.0 torr to 2.0 
torr and an rf power density of approximately 0.05 w/cm 2 
to 1 w/cm*. The temperature of the substrate is the same 
250°C to 350°C as that during semiconductor deposition, 
and the oxygen plasma exposure time is from about 10 
seconds to one minute. After exposure to the oxygen 
plasma , the plasma is temporarily stopped and the 
deposition chamber is pumped down for 10 seconds to 30 
seconds. If the vacuum pump-down takes place for 15 
seconds or more, the level of the vacuum in the 
deposition chamber will be 1 mtorr or lower. This takes 
place to prevent oxygen from being incorporated into the 
semiconductor film during semiconductor film deposition 
in the subsequent process step. After pulling the 
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vacuum, the source gases that are used for semiconductor 
film deposition, such as silane and hydrogen, are allowed 
to flow for 1Q seconds to two minutes without generating 
a plasma. During this time, the conditions inside the 
5 deposition chamber, such as the pressure and source gas 

flow rate, are the same as those used during 
semiconductor film deposition. Because this will result 
in the oxygen in the deposition chamber being entirely 
replaced by the source gas, the incorporation of oxygen 
10 into the semiconductor film will be minimized. Further, 

if the period of gas flow is 3 0 seconds or more, the 
temperature of the substrate is maintained at a constant 
temperature, and the semiconductor film can always be 
deposited under the same conditions. In the thin film 
15 semiconductor device of this invention, the upper-most 

layer of the underlevel protection layer is composed of a 
film such a silicon oxide, which has a low nucleation 
rate. Since this silicon oxide film is formed using the 
CVD process or the PVD process, there will always be 
20 dangling bonds of the silicon. For this reason, if the 

semiconductor film is formed on top of the underlevel 
protection layer without some kind of pre- treatment , the 
dangling bonds would act as fixed electrical charges 
within the underlevel protection layer. As previously 
25 stated, when the semiconductor film is thin, at or below 

a few hundred nanometers, these fixed electrical charges 
will cause negative influences on the thin film 
semiconductor device, such as causing variations in the 
threshold voltage (Vth) . By applying an oxygen plasma to 
30 the surface of the underlevel protection layer, the 

dangling bonds will bind with the oxygen atoms, and thus 
drastically reduce the fixed electrical charges within 
the underlevel protection layer. In other words, even 
though the semiconductor film is made thin enough to 
3 5 improve the semiconductor properties, instabilities in 

the properties, such as the Vth fluctuations caused by 
the underlevel protection layer, can be resolved. » 
Moreover, the exposure to oxygen plasma will clean the 
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surface of the underlevel protection layer through the 
oxidation reaction (combustion) and restrain even further 
the nuclei generation rate at the initial stage of 
semiconductor deposition. This will increase the purity 
of the semiconductor film, enlarge the areas that form 
the deposited film, and enlarge the crystal grains that 
form the crystallized semiconductor film. In terms of 
the properties of the thin film semiconductor devices 
this is manifest as a decrease in the off current, a 
reduction in Vth, an improvement in the switching 
properties because sub- threshold swing will steepen, and 
an increase in the mobility. 

To improve the underlevel protection layer surface, 
in addition to exposure to an oxygen plasma, exposure to 
a hydrogen plasma is also effective. That is, after the 
substrate on which the semiconductor film is to be 
deposited is placed inside the PECVD reactor, the 
underlevel protection layer on the substrate is first 
exposed to a hydrogen plasma. Then, without breaking 
vacuum, the semiconductor film is sequentially formed on 
top of the underlevel protection layer. The 
semiconductor deposition conditions use a lot of 
hydrogen, as in hydrogen 3000 seem and monosilane 100 
seem. Furthermore, when the ratio of hydrogen is 10 times 
or more that of silane, it is also possible to have 
.continuous processing, from hydrogen plasma processing to 
semiconductor film formation, without stopping the 
plasma. When the semiconductor film deposition 
conditions differ from the hydrogen plasma conditions, as 
with monosilane 100 seem in argon 7000 seem, the plasma 
is temporarily terminated after the hydrogen plasma 
processing; and, except for the fact that the plasma is 
not generated, it is desirable to have all other process 
parameters the same as for the semiconductor film 
deposition conditions in order to create a stabilization 
period before the deposition. Doing so will allow the 
substrate temperature to always be constant when t&e 
semiconductor film is deposited. The hydrogen plasma 



processing time is from 10 seconds to one minute, and the 
stabilization period before the semiconductor film 
deposition is from 10 seconds to two minutes. 

Of the dangling bonds in the underlevel protection 
layer, there are those that are terminated by oxygen, as 
in Si-*, and those that cannot be terminated by oxygen, 
as in Si-O-*. Because hydrogen plasma exposure can 
terminate these dangling bonds in the form of Si-H and 
Si-OH, an extraordinary effect can be observed in the 
decrease in the fixed electrical charges in the 
underlevel protection layer. In addition, because 
hydrogen plasma processing also has the effect of etching 
and cleaning the underlevel protection layer surface, it 
also increases the purity of the semiconductor film. 
Further, the adhesion of the underlevel protection layer 
and the semiconductor film improves dramatically as a 
result of this cleaning. When a semiconductor film is 
formed using the PECVD process, crater- shaped holes can 
be generated in the semiconductor film; and the film 
sometimes peels off depending on the deposition 
conditions. This can, be prevented, however, by 
processing with hydrogen plasma. 

When a semiconductor film is- deposited, it is even 
more desirable to process with both oxygen plasma and 
hydrogen plasma. In other words, initially expose the 
surface of the silicon oxide underlevel protection layer 
to an oxygen plasma. At first, dangling bonds in the 
underlevel protection layer will be terminated by the 
oxidation reaction. At the same time, the surface will be 
cleaned by means of combustion, and this will suppress 
the rate of nuclei generation. Next, the oxygen plasma is 
terminated, and a vacuum is pulled for a period of from 
about 10 seconds to one minute to remove the oxygen 
within the deposition chamber. The underlevel protection 
layer is then sequentially exposed to a hydrogen plasma 
without breaking vacuum. Some dangling bonds that could 
not be terminated with the oxygen plasma will be 
terminated with the hydrogen plasma, and this will reduce 
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the fixed electrical charges in the underlevel protection 
layer to a minimum. Moreover, the surface will become 
even cleaner and at the same time the adhesion between 
the semiconductor film and the underlevel protection 
layer will also improve. After processing with the 
hydrogen plasma, vacuum pump-down and substrate heating 
will take place as needed? and the semiconductor film is 
formed on the underlevel protection layer sequentially 
without breaking vacuum. Doing this will not only bring 
about both the previously mentioned oxygen plasma effect 
and hydrogen plasma effect, but there will also be a 
clear reduction in the amount of oxygen incorporation 
into the semiconductor film since the hydrogen plasma 
step comes between the oxygen plasma step and the 
formation of the semiconductor film* This will also allow 
a higher purity and higher quality semiconductor film to 
be obtained. As stated in section (2-1) , for a melt 
crystallized semiconductor film, a clean underlevel 
protection layer surface and control of the underlevel 
protection layer- -semiconductor interface are 
particularly important. Consequently, the underlevel 
protection layer surface processing prior to 
semiconductor film deposition is exceptionally 
significant. 

Next, the processing after the semiconductor film 
has been formed using the PECVD process will be 
described. After the semiconductor film has been formed 
on top of the underlevel protection layer, it is 
desirable to sequentially expose the semiconductor film 
to a plasma without breaking vacuum. This will terminate 
the dangling bonds of the semiconductor atoms, such as 
those of silicon. This is particularly effective when the 
film is formed under conditions in which there is little 
hydrogen when the semiconductor film is deposited. For 
example, it is particularly effective in a system in 
which the amount of hydrogen is less than 50 percent of 
the gases that are introduced to the deposition chamber, 
such as. when the semiconductor film is deposited using 



silane mixed with inert gases such as helium or argon. 
When a semiconductor film is deposited using such a 
system, a huge number of dangling bonds will exist in the 
film. Since these dangling bonds are extremely chemically 
active, they will react with a variety of impurities and 
substances that exist within the atmosphere, or these 
materials can physically adsorb. If crystallization takes 
place in such a condition using a laser, for example., the 
purity of the semiconductor will decrease. In addition, 
the grains will become smaller since the adsorbed 
substances become the nuclei for crystal growth. Such 
problem points can be easily eliminated by hydrogen 
plasma processing. In other words, a high purity, high- 
quality semiconductor film is in and of itself unstable 
and can be contaminated by the atmosphere. Such a high 
purity, high-quality film, however, can be stabilized by 
applying a hydrogen plasma after the film has been 
formed . 

After the semiconductor film has been formed on top 
of the underlevel protection layer, the same type of 
effect can also be accomplished by sequentially exposing 
the semiconductor film to an oxygen plasma without 
breaking vacuum. When the semiconductor film is silicon 
or when, silicon is the main component, oxygen plasma will 
form a silicon oxide film on the semiconductor film 
surface. This oxide film is extremely stable. Compared to 
the semiconductor film surface, its ability to prevent 
chemical and physical contaminant adsorption as well as 
diffusion of such contaminants to the semiconductor film 
is excellent. That is, it is optimal for protecting the 
semiconductor film from external contaminants. Further, 
because the oxidation takes place using an oxygen plasma 
in which the oxygen is quality- adjusted for high purity 
as opposed to oxygen in the atmosphere, the purity of the 
oxide film itself is high. During subsequent 
crystallization, it is desirable to remove the oxide 
film. Yet, even if the oxide film is not removed, tlrere 
are virtually no problems with contaminants from the 



oxide film being incorporated into the semiconductor 
film. 

Ideally, after the semiconductor film has been 
deposited using a PECVD reactor, the film is exposed to a 
hydrogen plasma sequentially without breaking vacuum, and 
this will inactivate most of the dangling bonds by 
hydrogen termination. Subsequent to this and again 
sequentially without breaking vacuum, the semiconductor 
film is exposed to an oxygen plasma. This oxygen plasma 
will terminate any dangling bonds that were not 
terminated by the hydrogen plasma and can also be 
expected to form on the surface of the semiconductor film 
a highly pure silicon oxide film that protects the 
semiconductor film from external contamination. Using 
this method of processing, not only will both the 
hydrogen plasma effect and the oxygen plasma effect be 
obtained, but also the effect, of the dangling bond 
termination will increase and the amount of oxygen 
incorporated into the semiconductor film can be reduced. 
As a result, the semiconductor film purity after the 
crystallization will increase more so than processing 
with the oxygen plasma alone, forming a better thin film 
semiconductor device. 

In the oxygen plasma exposure stage, as stated 
previously, regardless of the LPCVD and PECVD processes 
and even if the greatest amount of care is taken so that 
the semiconductor film becomes very pure, because an 
oxide film exists on the surface of the semiconductor 
film, the quality of the crystallized film will decrease 
if oxygen is incorporated into the semiconductor film 
during crystallization. This situation becomes 
particularly serious in the case of melt crystallization 
such as by laser irradiation* 

A semiconductor film which has been carefully 
prepared using underlevel protection layer surface 
preparation and the LPCVD and PECVD processes, as in this 
invention, requires that the same type of care be taken 
when crystallizing. In other words, when a semiconductor 
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film that forms the active layer of a thin film 
semiconductor device is formed by melt crystallization, 
such as by laser irradiation, it is desirable to remove 
the oxide film from the semiconductor film surface 
immediately prior to melt crystallization. Doing so will 
allow the amount of oxygen from the oxide layer that gets 
into the semiconductor film to be reduced to a minimum 
when semiconductor film melting occurs* If the amount, of 
oxygen that gets into the semiconductor film is reduced, 
not only will the crystallinity of the crystallized film 
increase, the defect density will decrease and the 
transistor properties will greatly improve. 

The processing method that makes the removal of the 
oxide film immediately prior to crystallization the 
easiest is one that uses a hydrofluoric acid solvent. Of 
course, the oxide film can be removed by a gas-phase 
plasma process such as by using an NP 3 plasma. It is 
desirable to crystallize the semiconductor film 
immediately after removing the oxide film. If the 
semiconductor film is melt crystallized within two hours 
of the completion of the oxide film removal process, the 
amount of oxygen that gets into the semiconductor film 
will be extremely low. 

(2-8, Melt Crystallization of a Mixed-Crystallinity 
Semiconductor Film) 

The thin film semiconductor device of this invention 
is most effective for top-gate poly-Si TFTs which are 
produced at temperatures of 3S0°C or lower for all 
process steps from the formation of the gate insulator 
layer forward. As a consequence , if the semiconductor 
film formation step can take place at a temperature of 
350°C or lower, all of the process steps will take place 
at 350°C or lower. Currently, the thickness of the 
conventional glass substrates for LCDs is 1.1 mm. If 
this were 0.7 mm, however, not only would the glass 
substrates become cheaper, but also major benefits in the 
portability and the production of the LCDs would arise 
because of the lighter -weight substrate . Since the 
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density of glass is approximately 2.5 g/cm J , the weight of 
one sheet of glass with dimensions of 400 mm x 500 mm 
x_l.l mm, for example, is about 550 grams. If such glass 
substrates were processed in batches of 100 sheets, the 
weight would be 55 kg, which would be a large load for 
production equipment and for transport robots. It goes 
without saying that if the thickness were 0.7 mm f the 
weight of a batch would decrease to 35 kg, significantly 
reducing the load. For this reason, thinning of the glass 
substrates is desirable. Such a large thin film glass 
would bow significantly under its own weight , however, 
even at room temperature as shown in Figure 4. And no 
matter what method were used with the LPCVD process, a 
semiconductor film could not be formed. In other words, 
in order to use such a large piece of thin glass, the 
semiconductor film would have to be formed using the 
PBCVD process at a temperature of 350 degrees C or lower. 
Yet, in general, because of low density of the films and 
the large amount of incorporated hydrogen, an amorphous 
semiconductor film formed using the PECVD process cannot 
crystallize unless it first undergoes thermal annealing 
at 450°C. 

When the inventor conducted various studies of 
semiconductor films from the PECVD process, it was 
discovered that when using the PECVD process at a 
deposition rate of about 0*1 nm/s or higher, a mixed- 
crystallinity semiconductor film was produced and when 
this mixed-crystallinity semiconductor film was exposed 
to laser light, melt crystallization was possible even 
without the thermal annealing step mentioned above. 
Although the existence of crystal structure in this 
mixed-crystallinity film can barely be observed by Raman 
spectrometry, for instance, it is difficult to call the 
film polycrystalline. Ia addition, the density is as low 
as the amorphous silicon formed using the PECVD process 
of the prior art, and hydrogen atoms are contained at 
just under 20 percent of the silicon atoms. The detTails 
of why such a film can be melt crystallized in an orderly 



manner are not known. But it is believed that it might be 
that the amorphous region is more easily melted than the 
microcrystalline region, and that the microcrystals that 
float in the melted silicon liquid play the role of 
restricting the evaporation and the scattering of the 
melted silicon liquid* Yet, even for a mixed- 
crystallinity semiconductor film, it is difficult to melt 
crystallize such a film with a deposition rate of about 
0,1 nm/s or lower. As in the case with LPCVD in which it 
seems that film quality decreases for slower deposition 
rates as a result of the increased ease of impurity 
incorporation, the incorporation of impurities during 
film growth in PECVD also seems to be the main factor 
leading to difficulties in crystallization. In contrast 
to a background vacuum pressure in the 10* 7 torr range 
using LPCVD reactors, the background vacuum pressure is 
in the 10" 4 torr range in PECVD reactors, and this may be 
the reason that high-speed film deposition can be 
observed using PECVD. In addition, if the deposition rate 
was 0.37 nm per second or higher, there was an 
improvement in the adhesion between the semiconductor 
film and the underlevel protection layer; and the 
generation of crater- shaped holes and film peeling 
virtually disappeared. Using the PECVD process, a mixed- 
crystallinity silicon film can be obtained by setting the 
ratio of the hydrogen to monosilane flow rates to 
approximately 30:1. Alternatively, a 4 mixed-crystallinity 
silicon film can be obtained by setting the ratio of the 
flow rates of inert gases like argon to that of the 
chemical specie containing the constitutive elements of 
the semiconductor film, such as monosilane, to less than 
about 33:1 (less than about 3 percent monosilane 
concentration) . Based on experiments by the inventor, 
hydrogen-monosilane system mixed-crystallinity can also 
be melt crystallized without thermal annealing. The laser 
energy range in which melt crystallization proceeds well, 
however, is limited to, several tens of mJ/cm 3 . In dontrast 
to this, an argon-monosilane system mixed-crystallinity 



silicon film will crystallize smoothly in a wide laser 
energy region, from 100 mJ/cm 2 to 350 mJ/cm 2 . Therefore, 
an argon-monosilane system mixed-crystallinity silicon 
film is more suitable as the semiconductor film of low 
temperature process poly-Si TFTs . The optimal argon to 
monosilane flow ratio for melt crystallization is from 
about 124:1 (approximately 0.8 percent monosilane 
concentration) to about 40.67:1 (approximately 2.4 - ~ 
percent monosilane concentration) . 

(2-9, Optimum Film Thickness of PECVD- -Crystallized 
Films) 

Here, the optimum semiconductor film thickness for a 
poly- Si TFT, of a low temperature process thin film 
semiconductor device of the present invention described 
above, that was fabricated through crystallization after 
the semiconductor film was formed using the PECVD process 
at a deposition temperature of 350°C or lower will be 
described. Among the low temperature process thin film 
semiconductor devices of this invention that have been 
discussed above, here will be described. In the PECVD 
process, as in the LPCVD process, a film will become 
continuous when it reaches a thickness of 10 nm or more. 
However, . the density of the semiconductor film obtained 
using the PECVD process is from approximately 85% to 95% 
of the film density obtained using the LPCVD process. For 
this reason, if the 10 nni semiconductor film of the PECVD 
process is crystallized, its film thickness will fall to 
about 9 nm after crystallization. Thus, the minimum film 
thickness of a PECVD — crystallized film will be 
approximately 9 nm. As with LPCVD-crystallized films, if 
the film thickness is about ia* nm or more, the transistor 
properties of the melt crystallized film will begin to 
improve. That is, with PECVD-melt crystallization, at 18 
nm or less, thin film degradation is dominant; and, at 18 
nm or higher, thin film degradation decreases, and the 
thin film effect becomes competitive. This will continue 
if the film thickness is between approximately 18 nm and 
approximately 72 nm and the transistor properties are 



optimum for films within this thickness range. If the 
film is thicker than 72 nm, the thin film effect takes 
control and the transistor properties will gradually 
deteriorate as the thickness of the film increases. If 
the semiconductor film thickness is 30 nm or more, it is 
possible to have stable production of highly integrated 
thin film semiconductor devices that require fine 
geometry fabrication. In other words , with RIE, contacts 
holes can be opened up reliably without the appearance of 
contact failure- If the semiconductor film thickness 
immediately after deposition using the PBCVD process is 
about 80 nm or less, the entire semiconductor layer can 
be uniformly heated and crystallization can proceed 
smoothly during melt crystallization using a laser or 
other means. After crystallization, the thickness of the 
film will be approximately 72 nnu If the semiconductor 
film immediately after deposition is about 150 nm thick 
or higher, only the upper portion of the layer is melted 
during laser irradiation from above and the bottom 
portion of the layer retains amorphous regions. This 
adds to the thin film effect and the transistor 
properties deteriorate profoundly. In other words, the 
maximum film thickness for the PECVD- -crystallization 
method is on the order of about 135 nm after 
crystallization . 

(2-10, MOS Interface, the Gate Insulator Layer and the 
Thermal Environment) 

With this invention, the gate insulator layer is 
formed using CVD or PVD after the semiconductor film 
crystallization is finished. No matter what process is 
used to form the gate insulator layer, it is desirable 
that the insulator layer formation temperature be at 
350°C or lower. This is because it is important to 
prevent the thermal degradation of the MOS interface and 
the gate insulator layer. This same thing applies to all 
of the subsequent process steps. All of the process 
steps after forming the gate insulator layer have to be 
held to 350°C or less. In general, a gate insulator 
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layer formed using CVD or PVD has many dangling bonds 
within the film; and the structure of the film is also 
unstable. This invention terminates the dangling bonds by 
exposure to oxygen plasma* In addition, CVD silicon oxide 
films contain Si-OH groups. Dangling bonds that have 
been terminated by such hydroxyl groups and oxygen 
plasmas are unstable in heat, easily dissociating in an 
environment of 350 °C or higher. That is, dangling bonds 
such as Si-O-* and Si-* are generated again at the MOS 
interface and in the gate insulator layer. These become 
interface states or fixed charges in the insulator layer 
and cause a deterioration of the transistor properties . 
In the prior art, hydrogen plasma processing took place 
for an hour in order to overcome this. Ia this 
invention, however, because all of the process steps 
after the semiconductor film has been formed take place 
at 350°C or less, such thermal degradation does not 
occur * For this reason, hydrogenation is not required. 
^With this invention, a high performance, thin film 
semiconductor device can be produced easily and reliably. 
Although it is to be expected, the thermal degradation 
extends to the underlevel protection layer as well. As 
described in section (2-1) , thermal degradation of the 
underlevel protection layer will lead to the 
deterioration of the properties of the thin film 
semiconductor device. Although it is not as sensitive as 
the gate insulator layer, the influence is such that it 
cannot be ignored- For this reason, optimization of the 
thin film semiconductor device is achieved, 
theoretically, by having all processing steps, including 
the semiconductor film deposit ton steps, take place at a 
temperature^ of 350*C or lower. Doing so will avoid 
thermal degradation of both the underlevel protection 
layer and the gate insulator layer. Processes that can 
form semiconductor films at temperatures of 350°C or 
flower include PECVD and sputtering. 
(2-11. The VHS- PECVD Reactor Used in this Invent ionjf 
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First of all, Figure 2 will be used to describe the 
general configuration of the VHS -plasma enhanced chemical 
vapor deposition reactor (VHS-PECVD reactor) used in this 
invention. The PECVD reactor is a capacitively-coupled 
type, and the plasma is generated between parallel plate 
electrodes using a 144 MHz VHS power supply. The top 
drawing in Figure 2 is an overall perspective of the 
reaction chamber as viewed from above, a drawing of ~" cross 
section A-A' is shown in the bottom of Figure 2. Reaction 
chamber 201 is isolated from the outside by reaction 
vessel 202 , which is in a reduced pressure condition of 
from about 5 mtorr to 5 torr during film formation. 
Inside of reaction vessel 202, lower plate electrode 203 
and upper plate electrode 204 are placed in mutually 
parallel positions. These two- electrodes form the 
parallel plate electrodes. The space between these 
parallel plate electrodes is reaction chamber 201. This 
invention uses parallel plate electrodes with, dimension 
of 410 mm x 510 mm. Since the distance between the 
electrodes is variable from 10 mm to SO mm, the volume of 
reaction chamber 201 varies from 2091 cm 3 to 10455 cm 3 , 
depending on the distance between the electrodes. The 
distance between the parallel plate electrodes can be set 
freely between 10 mm and 50 mm, as stated above, by 
moving the position of lower electrode 203 up and down. 
Moreover, when set to a designated electrode distance, 
the deviation of the electrode distance over the 410 mm x 
510 mm plate electrode surfaces is a mere 0.5 mm. As a 
result, the deviation in the electrical field strength 
that appears between the electrodes is 5.0% or less over 
the plate electrode surfaces; and an extremely uniform 
plasma is generated within reaction chamber 201. 
Substrate 205 on which thin film deposition is to take 
place is placed on top of lower plate electrode 203 and 2 
mm of the substrate edge is held down by shadow frame 
206. Shadow frame 206 has been omitted from the upper 
drawing of Figure 2 to make the overall drawing of the 
PECVD reactor easy to understand* Heater 207 is 
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installed within lower plate electrode 203, The 
temperature- of lower plate electrode 203 can be adjusted 
as desired from 25 °C to 400°C. Except for the peripheral 
5 mm, the temperature distribution within lower plate 
electrode 203 is within £l.Q°C relative to the set -point 
temperature. Essentially, even if the size of substrate 
205 were 400 mm x 500 mm, the temperature deviation 
within the substrate could be maintained to within 2,0°C. 
For example, if a conventional glass substrate (such as 
Corning Japan's #7059, Nippon Electric Glass Co., Ltd.'s 
OA-2, or NH Techno Glass's NA35) were used as substrate 
205, shadow frame 206 would hold substrate 20 5 down to 
prevent it from deforming concavely by the heat from 
heater 207 as well as to prevent unnecessary thin films 
from being formed on the edges and back surface of the 
substrate. The reaction gas, which is made up of source 
gases and additional gases as required, flows through 
tube 208 and is introduced into upper plate electrode 
204. It then flows between gas diffusion plates 209 
located inside upper plate electrode 204, and flows from 
the entire surface of the upper plate electrode into 
reaction chamber 201 at a virtually uniform pressure. If 
film formation is taking place, some of the reaction gas 
will be ionized when it exits the upper plate electrode 
and cause a plasma to be generated between the parallel 
plate electrodes- From a part to all of the reaction gas 
will participate in film formation. Residual reaction gas 
that has not participated in film formation and gases 
formed as a result of the film forming chemical reaction 
will become discharge gases and be discharged through 
exhaust port 210 which is in the top of the peripheral 
section of reaction vessel 202. The conductance of 
discharge port 210 is sufficiently large compared to the 
conductance between the parallel plate electrodes. The 
desired value is one that is 100 times or more of the 
conductance between the parallel plate electrodes. In 
addition, the conductance between the parallel plate 
electrodes is even sufficiently larger than the 



conductance of gas diffusion plate 209, and that desired 
value is also 100 times or more of the conductance of gas 
diffusion plate 209. Through such a configuration, 
reaction gas can flow into the reaction chamber virtually 
uniformly from the entire surface of the large 410 mm x 
510 mm upper plate electrode; and, at the same time, 
discharge gas will be discharged in all directions from 
the reaction chamber in an even flow. The flow rates, of 
the various reaction gases to tube 208 will be adjusted 
to their designated values by mass flow controllers. In 
addition, the pressure within reaction vessel 202 will be 
adjusted to the desired value by conductance valve 211, 
which is located at the exit of the discharge port. A 
pumping system, such as a turbomolecular pump, is located 
on the exhaust side of conductance valve 211. In this 
invention, an oil -free magnetic levitation type 
turbomolecular pump is used as part of the pumping 
system, and the background vacuum within reaction vessels 
such as the reaction chamber is set to the 10* 7 torr 
level. In Figure 2, arrows are used to show the general 
flow of the gas. Both reaction vessel 202 and lower plate 
electrode 203 are at ground potential . These and upper 
plate electrode 204 are electrically isolated by 
insulation link 212. When a plasma is generated, for 
example, 144 MHz VHS waves that are generated from VHS 
wave oscillation source 213 are amplified by amplifier 
214, pass through matching circuit 215, and are applied 
to ; upper plate electrode 204. 

As stated above, because the PECVD reactor used in 
this invention has very sophisticated intra-electrode 
interval control and uniform gas f low, it is a thin film 
formation reactor that is able to handle large substrates 
of 400 mm x 500 mm in size. However, by merely adhering 
to these basic concepts, it can easily handle further 
enlargements in the substrate. Actually, it is possible 
to produce a reactor that can handle even larger 
substrates of 550 mm x 650 mm. In addition, in this 
invention, a common 144 MHz VHS wave frequency was used. 
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Of course k^VHSy*aves using other frequencies may also be 
used. For example, VHF waves from 100 MHz to 1 GHz may 
all be used. On the other hand, if the rf frequency is 
from 10 MHz to several hundred MHz (VHF) , it is possible 
to generate a plasma between the parallel plate 
electrodes. Therefore, frequencies such as 27.12 MHz, 
40. 68 MHz, 54.24 MHz and 67.8 MHz, which are whole number 
multiples of the industrial rf frequency (13.56 MHz! may 
be used. In other words, by changing VHS wave oscillator 
213, amplifier 214, and matching circuit 215 of the PECVD 
reactor used in this invention, a plasma using 
electromagnetic waves of a desired frequency can be 
easily generated. In general, in the case of an 
electromagnetic wave plasma, if the frequency is 
15 increased, the electron temperature within the plasma. 

will increase and radicals can be easily created. For 
this reason, as will be explained later, even if the 
temperature of the substrate is as low as approximately 
340°C, the deposited film will already be in a 
20 polycrystalline silicon condition immediately after 

deposition. Thus, poly-Si TFTs can be easily fabricated 
even without special crystallization process steps* 
(2-12, Semiconductor Film Formation and the Gases Used 
for Formation When Using VHS-PECVD and Microwave PECVD) 
25 One of the characteristics of this invention is that 

a film deposited by VHS-PECVD or microwave PECVD is 
polycrystalline immediately after deposition (an as- 
deposited film) e It is extremely difficult to make a 
polycrystalline as-deposited film using normal PECVD 
30 processing* Since the substrate temperature is less than 

400°C, the mobility of source materials such as silane on 
the surface of the growing film decreases; and the 
selectivity of the source material for the 
polycrystalline state as opposed to the amorphous state 
35 is lost. This invention eliminates this deficiency in 

the PECVD method by diluting source materials using noble 
y^gas elements and by using a VHS plasma or microwave' 
plasma, both of which are capable of raising the electron 
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temperature. To form a polycrystalline film in the as- 
deposited state, radicals and ions of the noble gas 
elements, such as helium (He), neon (Ne) , and argon (Ar) , 
are generated, without generating radicals and ions of 
5 the source materials, and must carry energy to the 

surface of the substrate* Because radicals and ions of 
source materials cause vapor phase reactions or react the 
instant they arrive at the substrate surface, selectivity 
is lost, thereby preventing polycrystalline growth. For 
10 these reasons, the generation of such radicals and ions 

within a plasma must be avoided at all costs. The source 
materials are carried to the surface of the growing film 
in an inactive state and become adsorbed there. 
Subsequently, if energy for reaction is supplied, such as 
15 by a dilute gas, a polycrystalline film will be formed in 
the as- deposited state. Consequently, dilution of the 
source gas is desired, and this gives rise to the 
necessity of selecting as the dilution gas a gas that 
promotes reaction of the source materials on the 
20 substrate surface. It goes without saying that the noble 
gas elements are composed of individual atoms, and, for 
this reason the ionization potential spectrum is very 
simple. For example, the monovalent ionization potential 
of helium is 24.587 eV, while the divalent ionization 
25 potential is only 54.416 eV. Further, the monovalent 
ionization potential of neon is 21.564 eV, while the 
divalent ionization potential is 40.962 eV. The 
monovalent ionization potential of argon is 15.759 eV, 
while the divalent ionization potential is 27.629 eV, and 
30 the trivalent ionization potential is 4Q.74 eV. 

Therefore, when a small amount' of source materials is 
diluted in helium and a plasma is generated, most of the 
ionized helium will be 24.587 eV monovalent ions, when a 
small amount of source materials are diluted in neon and 
35 a plasma is generated, the neon will be ionized into 

mainly monovalent ions of 21.564 eV. For argon, although 
both the monovalent ions and divalent ions are dominant, 
argon radicals and ions are effectively generated even 
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when the source material is not diluted by a large amount 
of argon because the ionization energy is relatively low. 
In contrast to this, there is hydrogen, widely used as a 
dilution gas in the prior art, in which more than ten 
different ionization potentials exist between IS eV and 
13 eV for the ionization potential of the hydrogen 
molecules* For this reason, in contrast to noble gas 
elements such as helium which form plasmas containing one 
or two energies (laser light if referred to in terms of 
light) , molecular gases such as hydrogen form plasmas 
containing a mixture of energies (white light if referred 
to in terms of light) . Just as laser light will 
transport energy more effectively than white light, 
energy is transported to the substrate surface more 
effectively when the source gas is diluted by a noble gas 
element. In addition to the noble gas elements of helium, 
neon and argon, krypton (Kr> and xenon (Xe) may of 
course also be used as dilution materials during the 
deposition of semiconductor films. On the other hand, 
since VHS and microwave plasmas have high average 
electron temperatures within the plasma, the radical 
generation efficiency can be increased at relatively low 
power- In other words, since high power is not necessary, 
these plasmas generate few high energy ions, and 
resulting film damage is kept to a minimum. Further, a 
high radical generation efficiency also increases the 
film growth rate. If this invention were also carried 
out. using the 13-56 MHz rf plasma used widely in the 
prior art, the film formation rate would be extremely 
slow, less than several A/min, making it absolutely 
unsuitable for utilization. Moreover, a very slow film 
formation rate will be harmful, reducing the quality of 
the film- Which is to say that it is precisely because 
VHS plasmas ancL microwave plasmas are used that this 
invention can be attained. In this sense, this invention 
can be very easily achieved by also using microwave 
PECVD, having a frequency an integer multiple of 2.45 
GHz • And with such systems, there is an even greater 
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degree of freedom in film formation conditions than in 
VHS-PECVD, meaning a semiconductor film with even better 
crystallinity can be deposited with greater ease. 
^2-13 , Optimum Film Thicknesses for VHS- PECVD and 
Microwave PECVD As -Deposited Films) 

^, When placing a film in the polycrystalline state 
immediately after deposition (as -deposited) using VHS- 
PECVD or microwave PECVD, the film quality for filrrr 
thicknesses ranging from 0 to 500 A will be extremely 
poor compared to normal crystallized films. The film will 
consist of small, island- shaped crystalline grains in a 
sea of amorphous material, have a very low degree of 
crystallinity, and contain a large number of defects. 
From 500 A to 1000 A, the ratio of crystal grains to the 
amorphous material will increase. From about 1000 k to 
1500 A, the semiconductor surface will be generally 
covered with crystal grains; and the amorphous components 
on the surface will almost disappear. From about 1500 A 
to 2000 A f the size of the crystal grains will gradually 
increase along with the film thickness. At 2000 A or 
higher, the film will grow while the crystal grains 
maintain approximately the same shape. The film 
thickness dependency of the transistor properties will 
also change in response to changes in the film quality 
relative to the film thickness. At 2000 A or higher, 
because tha film quality will exhibit virtually no change 
(because there is almost no thin film degradation) , the 
thin film effect is active; and the thinner the film, the 
better the transistor properties become. At film 
thicknesses of 2000 A to 1500 A, thin film degradation 
will begin to take effect. Yet; as before, the thin film 
effect will remain dominant. Although this will be more 
lax than at 2000 A or higher, even here, the thinner the 
film the better the transistor properties become. Between 
1500 A and 200 A, thin film degradation and the thin film 
effect become competitive and transistor properties^ in 
the on condition reach their maximum values. With a film 
thickness of less than 200 A, thin film degradation 
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overcomes the thin film effect, and the thinner the film, 
the poorer the transistor properties. Put another way, in 
the case of this invention, transistor properties are the 
best at semiconductor film thicknesses from 200 A to 1500 
A, but ideally between 400 A to 13Q0 A. Until this 
point, the discussion has been about transistor 
properties in the on state? but the leak current will 
also vary with the thickness of the film. The principles 
of off state leakage in thin film semiconductor device 
are not well understood. In this invention, the 
principles are unclear; but, if the film thickness is 
1000 A or more, there is a strong positive correlation 
between the film thickness and off state leakage. The 
thicker the film, the larger the off state leakage. If 
the film thickness is less than 1000 A, the correlation 
weakens and becomes independent of the off state leakage. 
In other words, between 0 and 1000 A, the off state 
leakage current is almost consistently at a minimum. 
Consequently, the on state transistor properties are 
best, and the film thicknesses in which the off state 
leakage is the smallest are from 200 A to 1000 A, but 
ideally from 400 A to 1000 A. When the thin film 
semiconductor device of this invention is used in an LCD, 
it is desirable to consider the effects of light exposure 
on the off state leakage current. Light exposure will 
cause an increase in the off state leakage current in 
thin film semiconductor devices. This is called the 
optical leakage current. Having a sufficiently small 
optical leakage current is a condition for a good thin 
film semiconductor device. In the case of the thin film 
semiconductor device of this invention, the optical 
leakage current is proportional to the film thickness. 
From the perspective of reliable production and optical 
leakage current coexisting, it is desirable to have a 
film thickness from about 100 A to 800 A. In a case in 
which the off state leakage and optical leakage are 
important, such as when using a thin film semiconductor 
device for the pixel switching element of an LCD, it is 
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desirable to have a semiconductor film thickness from 100 
A to 700 A, Moreover, when it is necessary to give even 
stronger consideration to on current, the optimum 
thickness is from 200 A to 800 A. A system that would 
5 satisfy all conditions would have a thickness from 400 A 

to 800 A, but ideally from 600 A to 800 A, Further, it 
is normally quite difficult to activate implanted ions in 
the source and drain regions at a low temperature of 
350 °C or lower as happens with this invention. This is 

1Q the reason that to carry out activation in a stable 

manner, a lower limit must be set for the semiconductor 
film thickness. With this invention, the desired value is 
300 A or higher* If an LDD structure is to be utilized, a 
thickness of 500 A or higher is desired* 

15 (2-14, Crystallization of the Semiconductor Film through 

VHS-PECVD and Microwave PECVD) 

As described in detail in section (2-12) , although a 
polycrystalline film in the as-deposited state can be 
obtained easily using VHS- PECVD, the film quality is not 

20 as good as a crystallization film. On the other hand, it 

is difficult to crystallize a film obtained from the 
normal PECVD process as long as it has not been 
dehydrogenated or carefully annealed. In contrast, a 
semiconductor film from VHS-PECVD or microwave PECVD can 

25 be very easily crystallized usingr RTA or VST-SPC, or be 
melt crystallized such as by laser irradiation. Since 
most of the film will already be in an as -deposited 
crystalline state and residual amorphous components will 
be limited, crystallization of residual amorphous 

3 0 components can be achieved by means of a relatively low 
energy supply. Also, even when melt crystallization 
progresses using high energy, the polycrystalline 
components play the role of preventing the evaporation 
and scattering of semiconductor atoms. Thus, 

35 crystallization can proceed smoothly without 

semiconductor film damage, surface roughness, material 
loss and other problems. Ultimately, it can be sai& that 
;rather than having a film obtained through the VHS-PECVD 
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process or the microwave PECVD process as the active area 
of a thin film semiconductor device in the as -deposited 
state, it is more suitable to have such a film be the 
first semiconductor layer when producing low temperature 
poly- Si TFTs in which the highest temperature of the 
process step is 350°C or lower using melt 
crystallization* Put differently, a high-performance thin 
film semiconductor device can be produced by farmings 
semiconductor film on top of an insulating substance 
using the VHS-PECVD process or the microwave PECVD 
process and then crystallizing this film using solid 
phase crystallization, such as RTA or VST-SPC, or 
crystallizing it using melt crystallization, such as by 
laser irradiation, and then having the subsequent process 
steps take place at 350°C or lower. 

ITilms deposited by VHS-PECVD or by microwave PECVD 
have quality closer to that of films deposited using 
LPCVD than to films deposited by PECVD. For this reason, 
the relationship between the transistor properties and 
semiconductor film thickness obtained when producing a 
thin film semiconductor device through crystallization 
becomes equivalent to the relationship possessed by a 
thin film semiconductor device produced by the LPCVD 
process. In contrast to semiconductor films produced by 
the LPCVD process, however, which show almost no 
reduction in film thickness before and after 
crystallization, some slight reduction can be found in 
VHS-PECVD and microwave PECVD films . Therefore, when 
crystallizing such films to produce thin film 
semiconductor devices, the discussion in section (2-6) 
can be applied as is by considering the semiconductor 
film thickness after crystallization to be the same as 
the film thickness of a film from the LPCVD- - 
crystallization method. 

As discussed in the foregoing, using this invention, 
high-quality semiconductor films comprised of 
polycrystalline silicon films and others can be easxly 
formed at low temperatures of less than about 450°C and 
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430°C or lower. Thus, this invention greatly improves the 
properties of thin film semiconductor devices as well as 
brings about reliable mass production. To be specific, it 
has the effects that are described below. 

Effect 1) . Since the processing temperatures are 
below about 450°C, low-cost glass can be used and it is 
possible to lower the price of the products. 
Additionally, since it is possible to prevent the warpage 
of the glass under its own weight, it is easily possible 
to increase the size of liquid crystal displays (LCDs) . 

Effect 2) . Since the processing temperatures are 
approximately 350° C or less, there is no thermal 
degradation of the underlevel insulator layer or gate 
insulator layer; and it is possible to easily produce 
high-performance thin film semiconductor devices with 
excellent reliability. 

Effect 3) . Laser irradiation can be applied 
uniformly over the entire substrate. The result of this 
is that the uniformity of each lot is improved, and 
reliable production has become possible. 

Effect 4) . The formation of self -aligned TFTs in 
which the gate electrode is aligned with the source and 
drain by ion doping and subsequent low temperature 
activation at approximately 300°C~35G°C has become 
remarkably easy. As a result, it has become possible to 
reliably activate impurity ions. Additionally, it has 
become possible to easily and reliably fabricate lightly 
doped drain (LDD) TFTs. Because LDD TFTs have been 
realized by low temperature process poly-Si TFTs, it has 
become possible to decrease TFT element size and off leak 
currents . 

Effect 5) . In the prior art, only low temperature 
poly- Si TFTs having SiO a made by ECR-PECVD showed good 
transistor characteristics* Using this invention, 
however, this has become possible using conventional 
PECVD reactors. Consequently, practical gate insulator 
layer fabrication equipment applicable to large 
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substrates and suitable for mass production has been 
achieved. - 

Effect 6) . Thin film semiconductor devices with 
higher on currents and lower off currents than those 
produced by the prior art have been obtained. 
Additionally, the non-unif ormity in these values has been 
decreased. 

Effect 7) . When using low price, conventional - 
glass, it has become possible to form underlevel 
protection layers which effectively prevent the 
incorporation of impurities from the substrate into the 
semiconductor film and simultaneously act as the 
underlevel protection layer for thin film semiconductor 
devices showing optimum electrical properties. Also, the 
degradation of the electrical properties of thin film 
semiconductor devices as a result of stress from the 
underlevel protection layer and the generation of cracks 
in the thin film semiconductor devices have been avoided. 

Effect 8) . The incorporation of constitutive 
elements such as fluorine (P) and carbon (CJ from 
cleaning vapors into the semiconductor films when such 
films are formed by plasma enhanced chemical vapor 
deposition (PECVD) has been prevented. As a result, the 
amount of impurities among substrates can always be kept 
to a minimum and it has become possible to reliably 
fabricate excellent thin film semiconductor devices. 

Effect 9} . Even when depositing semiconductor films 
by low pressure chemical vapor deposition (LPCVD) at low 
temperatures less than about 450°C, it has become 
possible to simultaneously achieve uniformity, both 
within a single substrate and among different 
substrates, and a suitable deposition rate. Therefore, 
it is possible to accommodate increasing substrate si2e; 
and it has become possible to mass produce large- area 
LCDs. 

Effect 10) . Three types of variation in electrical 
properties of thin film semiconductor devices are 
recognized: variation within a single substrate. 



variation among substrates within the same lot, and 
variation from lot to lot- Using this invention, 
however, all three types of variation can be controlled. 
The variation among lots processed by PECVD has been 
particularly significantly improved. 

Effect 11) . Even when the semiconductor film is 
grown by PECVD, good adhesion between the semiconductor 
film and the underlevel protection layer can be achieved. 
In other words, problems such as the generation of 
numerous crater- shaped holes in the semiconductor film 
and peeling of the films have been avoided. 

Effect 12) . Even without special crystallization 
processing, poly-Si TFTs can be fabricated reliably on 
large-area substrates by low temperature processing less 
than or equal to about 350°C. 

Svisi Explanation p€ tfts Figmrsa 

Figures 1 (a) - (d) are element cross- sectional 
views for each step in the fabrication of a thin film 
semiconductor device showing one practical example of 
this invention; 

Figure 2 shows the PECVD reactor, used in this 
invention; 

Figure 3 shows the deposition chamber and the 
deposition chamber interior of the LPCVD reactor of this 
invention; 

Figure 4 explains the substrate warpage resulting 
from a thermal environment; and 

Figure S explains the results of this invention. 

The Beat Svatema for Implementing this Invention 
This invention is explained in further detail with 
reference to the accompanying figures. 
(Example 1) 

Figurea 1 (a) through (d) show cross -sectional views 
of the fabrication process for a thin film MIS field 
effect transistor. 
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In Example 1, a 235 mm x 235 mm sheet of non- 
alkaline glass (OA-2, manufactured by Nippon Electric 
Glass Co., Ltd.) was used for substrate 101, though the 
type and size of the substrate are irrelevant for any 
substrate able to withstand the maximum processing 
temperature* First, silicon dioxide film (Si0 2 film) 102, 
which serves as the underlevel protection layer, is 
formed on substrate 101 by means of atmospheric pressure 
chemical vapor deposition (APCVD) , PECVD, sputtering or 
other means* In APCVD, the Si0 2 layer can be deposited 
using monosilane {SiHj and oxygen as source gases at a 
substrate temperature of between about 250 °C and 450 °C. 
In the PECVD and sputtering methods, the substrate 
temperature can be anywhere from room temperature to 
4Q0°C. In Example 1, a 2000 k Si0 2 film was deposited at 
300°C by APCVD using SiH 4 and 0 2 as source gases. 

Then, an intrinsic silicon layer, which later 
become* the active layer of the thin film semiconductor 
device, was deposited to a thickness of approximately 500 
A. The intrinsic silicon layer was deposited over 53 
minutes at a temperature of 425 °C by a high vacuum LPCVD 
reactor having a 200 seem flow of disilane (Si 2 H«) as the 
source gas. The high vacuum LPCVD reactor used in 
Example 1 has a capacity of 184.51. Seventeen substrates 
were inserted facedown in the reaction chamber, which was 
maintained at 250 °C. After the substrates were inserted, 
the turboraolecular pump was started. After the pump 
reached steady-state speed, a two-minute leak test was 
performed. The leak rate from outgassing and other 
sources at: this time was 3.1 x 10" 5 torr/min. The 2S0°C 
insertion temperature was then- raised to a deposition 
temperature of 425 °C over a period of 1 hour. For the 
first 10 minutes after heating was initiated, no gas was 
introduced into the reaction chamber and heating was 
performed in a vacuum. The ultimate background pressure 
reached in the reaction chamber 10 minutes after the 
onset of heating was 5.2 x 10" 7 torr. During the * 
remaining 50 minutes of the heating period, nitrogen gas 
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having a purity of at least 99.9999% was continuously 
introduced at the rate of 3 00 seem. The equilibrium 
pressure in the reaction chamber at this time was 3.0 xx 
10" 3 torr. After the deposition temperature was reached, 
the source gases, Si 2 H € and 99.9999% pure helium (He) for 
dilution, were introduced at the flow rates of 200 seem 
and 1000 seem, respectively; and the silicon film was 
deposited over a period of 58 minutes. The pressure 
immediately after Si 2 H € and other gases were introduced 
into the reaction chamber was 767 mtorr; and the pressure 
57 minutes after these source gases were introduced was 
951 mtorr. Silicon films obtained in this way were 501 A 
thick; and, except for the 7 mm periphery of the 
substrate, the thickness of the film varied less than ± 
5 k over the 221 mm x 221 mm square region. In Example 
l r the silicon layer was formed as described by means of 
LPCVD, but PECVD and sputtering can also be used. In the 
PECVD and sputtering methods, silicon film deposition 
temperature may be set anywhere between room temperature 
and approximately 350°C. 

Silicon films obtained in this manner are high- 
purity a-Si films. Next, this a-Si layer is crystallized 
by irradiating it for a short period of time with either 
optical energy or electromagnetic energy, thereby 
changing it into polycrystalline silicon (poly-Si) . In 
Example l, the a-Si layer was irradiated using a xenon 
chloride (XeCl) excimer laser (wavelength of 308 nm) . 
The laser pulse width at full-width, half maximum 
intensity was 45 ns. Since thia irradiation time is 
extremely brief, the substrate is not heated when the a- 
Si is crystallized into poly-Si, hence substrate 
deformation does not occur. Laser irradiation was 
performed in air with the- substrate at room temperature 
(25°C). An8mmx8mm square area is irradiated during 
each laser irradiation, and the irradiated area is 
shifted by 4 mm after each irradiation. At first, 
scanning is performed in the horizontal direction (Y 
direction) , and then the substrate is then shifted 4 mm 
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in the vertical direction (X direction) . It is then 
moved 4 mm .more in the horizontal direction, where it is 
again scanned. Thereafter these scans are repeated until 
the entire surface of the substrate has been subjected to 
5 the first laser irradiation. The energy density of this 
first laser irradiation was ISO mj/cm 3 . After the first 
laser irradiation was completed, a second laser 
irradiation was performed over the entire surface at an 
energy density of 275 mJ/cm 2 . The scanning method used 

10 for the second irradiation is identical to that used for 
the first laser irradiation; scanning is performed while 
shifting the 8 mm x 8 mm square irradiation area in 4 mm 
increments in the Y and X directions. This two-stage 
laser irradiation provides the means for uniformly 

15 crystallizing the a- St to form poly- St over the entire 
substrate* While an XeCl excimer laser was used as the 
optical energy or electromagnetic energy in Example l, 
other energy sources may be used provided the energy 
irradiation time is less than several tens of seconds. 

20 For example, irradiation may also be performed using an 

ArF excimer laser, XeF excimer laser, KrF excimer laser, 
YAG laser, carbon dioxide gas laser, Ar laser, dye laser 
or other laser, as well as by an arc lamp, tungsten lamp 
or other light source. When using an arc lamp to 

25 irradiate the a-Si layer to transform it into poly-Si, 
output of about 1 kW/cm a or greater and an irradiation 
time of about 45 seconds is used. Even at the time of 
this crystallization, the energy irradiation time is 
short, so problems such as deformation and cracking 

30 caused by heating the substrate do not occur. This 
silicon film was then patterned and channel region 
semiconductor film 103, which becomes the active layer of 
the transistor, was created. See Figure 1 (a) . 

Next, gate insulator layer 104 is formed by means of 

35 ECR-PECVD, PECVD, or other deposition method. In Example 
1, a Si0 2 film was used as the gate insulator layer and 
was deposited to a thickness of 1200 A using PECVD.* See 
Figure .1 (b) . Immediately prior to setting the substrate 



in the PECVD reactor, the substrate was soaked for 20 
seconds in a 1.67% dilute hydrofluoric acid solution to 
remove the native oxide layer from the surface of the 
semiconductor film. ' There was an interval of 
approximately 15 minutes from the time the oxide layer 
was removed until the time the substrate was loaded in 
the loadlock chamber of the PECVD reactor. This time 
interval should be as short: as possible in order to~ - 
preserve MOS interface cleanliness; an interval of about 
30 minutes, at most, is desirable. In the PECVD method, 
monosilane (SiH<) and nitrous oxide (N 3 0) were used as 
source gases to form the gate insulator layer at a 
substrate temperature of 30Q°C. A 900 W rf plasma at 
13.56 MHz was generated at a pressure of 1.5 torr. The 
SiH 4 flow rate was 250 seem and the N 2 0 flow rate was 7000 
seem. The Si0 2 deposition rate was 48.3 A/s. Immediately 
before and after the SiO a layer was formed under these 
conditions, the silicon layer and deposited oxide layer 
were exposed to an oxygen plasma to improve the MOS 
interface and the oxide film. While monosilane and 
nitrous oxide were used as source gases in Example 1, an 
organic silane, such as TEOS (Si- (O-CH^-CHj) 4 ) , and an 
oxidizing gas, such as oxygen, could also be used. In 
addition, although a general -purpose PECVD reactor was 
used here, naturally, ECR- PECVD could also be used to 
form the insulator layer. Regardless of the type of CVD 
reactor or source gases used, it is desirable that the 
insulator layer formation temperature be 350°C or less. 
This is important for preventing thermal degradation of 
the MOS interface and gate insulator layer. The same 
thing applies to all processes 'described below. All 
process temperatures after gate insulator layer 
deposition must be kept to 3S0°C or less. Controlling 
the process temperature in this way enables high- 
performance thin film semiconductor devices to be 
fabricated easily and reliably. 

Next, a thin film, which becomes gate electrode 10 5, 
is deposited by such means as sputtering, evaporation, or 
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CVD. In Example 1, tantalum (Ta) was selected as the 
gate electrode material and was deposited to. a thickness 
of 5000 A by means of sputtering. The substrate 
temperature during sputtering was 180°C, and argon (Ar) 
containing S.7% nitrogen (N 2 ) was used as the sputtering 
gas. The optimum nitrogen concentration in the argon is 
from 5.0V to 8.5%. The tantalum film obtained under 
these conditions is mostly a-Ta with a resistivity of- 40 
jxQcm. Therefore, the sheet resistivity of the gate 
electrode in Example 1 is 0.8 ^/square. 

Patterning is carried out after the thin film which 
becomes the gate electrode is deposited. Then impurity 
ions 10S such as phosphorous were implanted using a 
bucket-type non-mass -separating ion doping apparatus (ion 
doping) to form source and drain regions 107 and channel 
region 108 in the intrinsic silicon layer. See Figure 1 
(c) . In Example l f the objective was to fabricate NMOS 
TFTs, so implantation was carried out to 5 x 10 1S l/cm 2 
using hydrogen-diluted 5% phosphine (PH 3 ) source gas at a 
high frequency power of 38 W and an acceleration voltage 
of 80 kV. A suitable value ranging from about 20 W to 
150 W was used for the high frequency power. During PMOS 
TFT fabrication, implantation was carried out to about 5 
x 10 1S l/cm 1 using a hydrogen-diluted 5% diborane (B 2 H«) 
source gas, a high frequency power of between 20 W to 150 
w, and an acceleration voltage of SO kV. When 
fabricating CMOS TFTs, the NMOS and PMOS are alternately 
covered with a mask of suitable material, such as 
polyimide resin; and ions are implanted into each using 
the method described above. 

Next, interlevel insulator layer 109 was deposited 
to 5000 JL In Example 1, the interlevel insulator layer 
was formed by PECVD using SiQ 2 . In the PECVD method, the 
interlevel insulator layer was formed at a substrate 
temperature of 300°C using TEOS (Si- (O-CHj-CH,) 4 ) and 
oxygen (0 t ) as source gases. An, 800 W rf plasma at 13. 56 
MHz was generated at a pressure of 8.0 torr. The TEOS 
flow rate was 200 seem, and the 0 2 flow rate was 8000 
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seem. The deposition rate for the Si0 3 film at this time 
was 120 A/s. After ions were implanted and the 
interlevel insulator layer was formed, thermal annealing 
was performed for 1 hour at 300°C in an oxygen atmosphere 
to achieve activation of implanted ions and densif ication 
of the interlevel insulator layer. The desired 
temperature of this thermal annealing is between 3 00°C 
and 350°C. Contact holes are opened after thermal , 
annealing is performed, and source and drain electrodes 
110 are formed by sputtering or other means to complete 
the thin film semiconductor device. See Figure 1 (d) * 
Indium tin oxide (ITO) and aluminum (Al) and the like are 
used for source and drain electrodes • The ■ temperature 
of the substrate during sputtering of these conductors is 
in the approximate range of 100°C to 250°C. 

The transistor characteristics of the thin film 
semiconductor devices that were experimentally fabricated 
in this way were measured. It was found that I<ar » (23.3 
+ 1.73 , -1.51) x 10"* A at a 95% confidence level. Here, 
the on current, 1^, is defined as the source-drain 
current Ids when transistors are turned on at source - 
drain voltage of Vds » 4 V and gate voltage of Vgs » 10 
V. The off current when the transistor was turned off at 
Vds =» 4 V and Vgs » 0 V was I opr * (1.16 + 0.38, -0.29) x 
10" i2 A. These measurements were taJcen at a temperature 
of 25 °C for transistors having channel length L » 10 M m 
and width W « 10 urn. The effective electron mobility 
(J. Levinson et al. J. Appl. Phys. £1, 1193' 32) found 
from the saturation current region was /a » 50.92 ± 3.26 
cmVv.sec. Conventional low temperature process poly-Si 
TFTs have I 0M * (18.7 * 2.24, -2.09) X Iff"* A, and I 0Fr = 
(4. 8S + 3.88, -3.27) x 10* 12 A. As described, this 
invention achieves for the first time, by means of a low 
temperature process in which a maximum processing 
temperature of 425°C or less is maintained for no more 
than several hours, extremely good and uniform thin film 
semiconductor devices that have high mobility, low - 
variation, and Ids that changes seven orders of magnitude 
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or more for a gate voltage change of 10 V. As described 
previously, the uniformity of laser crystallization, 
whether within a single substrate or from lot to lot, has 
been a serious problem. This invention, however, greatly 
reduces variation of both on current and off current. 
The improvement over existing technologies in off current 
uniformity is particularly marked; and when thin film 
semiconductor devices fabricated as described by this 
invention are applied to LCDs, a uniform, high-quality 
picture is obtained over the entire LCD screen. 
Moreover, improved uniformity means that the initial 
silicon film is stable with respect to variations in the 
laser source; thus, this invention also effects 
conspicuous improvement with respect to variations among 
production lots. As described, this invention achieves 
extremely reliable crystallization of silicon through the 
use of energy irradiation, such as laser irradiation. 
Tests performed by the inventor verified that when the 
initial, silicon layer was formed at low temperature of 
less than 450°C and at a silicon layer deposition rate of 
more than approximately 2 A/min, the silicon layer was 
stable with respect to variations of the laser and, 
moreover, that thin film semiconductor devices having 
good transistor properties are fabricated even when a SL0 2 
layer not formed by ECR-PECVD is used as the gate 
insulator layer. In addition, poly-Si layers obtained by 
this method are also stable with respect to lightly doped 
drain (LDD) structure formation by means of ion doping, 
as is described later, and are easily activated. This is 
indirectly related to the fact that a- Si layers formed 
under these conditions are. perfectly amorphous without 
microcrystalline grains, and that the components that 
make up the a- Si layer are made of large regions. 
Because the a-Si layer does not contain 
microcrystallites, the crystallization that accompanies 
energy irradiation progresses uniformly within the 
irradiated region* At the same time, because the a 'Si 
layer is composed of large regions, the size of the 
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grains after crystallization is large and high- 
performance electrical characteristics can be obtained* 
In other words, ideal a-Si films can be obtained by 
optimizing the deposition conditions for the initial a-Si 
layer; and uniform, high-quality poly-Si films can be 
obtained by crystallizing this initial a-Si layer. 
Amorphous silicon films formed using technology of the 
prior art suffered from the problems described above as 
no heed was paid to the quality of the a-Si layer? for 
example, deposition temperature in the LPCVD process was 
about 550°C, and substrate temperature in the PECVD 
method was in the neighborhood of 400 °C. One more 
important point of this invention is that the process 
temperature after poly-Si film formation is held to 350°C 
or less. By controlling the temperature in this way, MOS 
interface and insulator layer quality can be stabilized . 
In this sense, this invention, as shown in Figure l, is 
especially useful for top-gate TFTs. In the case of 
bottom-gate TFTs, the silicon layer is deposited after 
the gate insulator layer has been formed and, moreover, 
is later subjected to crystallization by laser 
irradiation or other means* Therefore, part of the MOS 
interface and gate insulator layer is, of necessity, 
exposed, albeit for a brief time, to a high- temperature 
thermal environment of nearly 1000 a C. This thermal 
environment not only roughens the MOS interface but also 
alters the chemical composition and chemical bonds of the 
insulator layer in the vicinity of the MOS interface, 
thus causing transistor characteristics to deteriorate 
and triggering the problem of increased non- uniformity. 
(Example 2) 

Other examples of implementations of this invention 
will also be explained using Figures 1 (a) through (d) . 

In Example 2, sheets of non-alkaline glass (OA- 2 
manufactured by Nippon Electric Glass Co., Ltd.) 
measuring 300 mm x 300 mm and crystallized glass (TRC-5 
manufactured by Ohara) measuring 300 rani x 300 mm were 
used for substrate 101. The strain point of OA-2 is 
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approximately 650 °C. TRC-5, on the other hand, is a 
crystallized glass, so the strain point cannot be 
defined. Since absolutely no substrate deformation or 
warpage can be detected up to a temperature of about 
700°C, however, the strain point of TRC-5 can, in 
practice, be said to be above about 700 °C. First, 
silicon oxide film 102, which becomes the underlevel 
protection layer, was deposited by PECVD onto substrate 
101. The silicon oxide film was deposited under the same 
conditions that the gate insulator layer was deposited in 
Example 1. The thickness of the silicon oxide film was 
3 00 rim, and the center line mean surface roughness was 
0.98 nm. As with the gate insulator layer in Example 1, 
the underlevel protection layer surface was exposed to an 
oxygen plasma for 15 seconds both immediately before and 
immediately after oxide film deposition. 

An intrinsic silicon layer, which later becomes the 
active layer of the thin film semiconductor device, was 
then deposited to approximately 500 A. Just as in 
Example 1, the intrinsic silicon layer was deposited by 
the high vacuum LPCVD reactor described in section (2-3) . 
The source gas, disilane (Si 2 H«) , was introduced at a flow 
rate of 400 seem; and deposition occurred at a 
temperature of 425 °C and a pressure of 320 mtorr. The 
deposition rate was 1.30 nm/min. Thirty-five OA-2 
substrates and 35 TRC-5 substrates were placed in the 
deposition chamber, which was maintained at 250°C. Each 
OA-2 substrate was paired back- to-back with a TRC-5 
substrate. The TRC-5 substrates were placed facedown and 
the OA-2 substrates were placed faceup on top of the TRC- 
5 substrates. There was a 10 mm space between substrate 
pairs. The area of the region in the deposition chamber 
over which the semiconductor film was deposited was 8 8262 
cm 2 , and the disilane flow rate per unit area was 4.53 x 
10° sccm/cm*. After the substrates were placed in the 
chamber, the chamber was heated over a period of one hour 
from the 250 °C insertion temperature to the 425°C 
deposition temperature; and, after thermal equilibrium 



was achieved at 425 °C, the silicon layer was deposited 
over 40 minutes* The pressure during film deposition was 
maintained at 3 20 mtorr by the LPCVD reactor's pressure 
control unit. The thickness of the silicon films 
deposited in this manner was 52*4 nra. 

Next, these a-Si films were exposed briefly to 
optical energy or electromagnetic energy to melt 
crystallize the a-Si and transform it into polysildcon 
(poly- Si) . A xenon chloride (XeCl) excimer laser 
(wavelength of 308 nm) was also used in Example 2. The 
substrates were soaked for 20 seconds in a solution of 
1.67% hydrofluoric acid immediately prior to laser 
irradiation to remove the native oxide layer from the 
surface of the semiconductor layer. There was a time 
interval of approximately 20 minutes after the oxide 
layer was removed and before laser irradiation. After 
the semiconductor layer was crystallized, poly-Si TFTs 
were fabricated by the low temperature process using 
exactly the same process as described in Example 1. 

The transistor characteristics of the thin 
semiconductor devices experimentally fabricated in this 
way were measured* It was found that on current was I OT =« 

(41.9 + 2.60, -2.25) x 10** A at a 95% confidence level. 
Off current was I orr =* (6.44 + 2.11, -1.16) x 10" 13 A. The 
measurement conditions here were the same as the 
conditions in Example 1. Effective electron mobility was 
fi - 90.13 ± 4.61 cmVv.sec. Extremely good thin film 
semiconductor devices were fabricated reliably using a 
simple process* 

(Example 3) 

After forming the poly- Si- layer using the method 
described in detail in Example 1, an Si0 2 layer 
corresponding to the gate insulator layer described in 
detail in Example 1 was deposited without patterning this 
poly-Si layer, and impurity ions such as PH 3 were 
implanted in the poly- Si layer by ion doping, details of 
which were explained in Example 1. The thicknesses" of 
the poly-Si layer and Si0 2 layer and the conditions under 
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which they were deposited were exactly the same as they 
were irx Example 1. Impurity ion implantation conditions 
were also the same as those described in Example 1 except 
that the implantation dose was 3 x 10 u cm"*. Example 3 
corresponds to the formation of the LDD region in TFTs 
explained in Example 1. After phosphorous ions were 
implanted, thermal annealing was performed at 300°C in 
oxygen for one hour, again just as in Example 1. After 
that the insulator layer was stripped off and the sheet 
resistance of the n-type poly-Si layer that contained 
phosphorous ions was measured. Sheet resistance of a 221 
mm x 221 mm square region excluding the 7 mm periphery of 
the substrate was (14 ±JZ.6) kQ/square at a confidence 
level of 95*. In the prior art, as reported on page 437 
of SSDM '93 (solid state Devices and Materials 1993), 
activation was not possible without adding a special 
process such as hydrogen implantation* Moreover, the 
sheet resistance value at that time was high, 50 kQ or 
more, and its variation was 10 kQ or more. In contrast, 
this invention allows a low- resistance LDD region to be 
simply formed using ion doping and makes it possible to 
achieve resistance variation of no more than one-quarter 
that of the past. 
(Example 4) 

In Example 4, the underlevel protection layer and 
semiconductor layer were formed sequentially by means of 
PECVD using 13-56 MHz rf waves * Crystallization was then 
performed to fabricate the thin film semiconductor 
device . 

Substrate 101 was a 360 mm x 465 mm x 0.7 mm sheet 
of non-alkaline glass- Prior to placement of the glass 
substrate in the PECVD reactor, the thin film that formed 
in the deposition chamber during deposition of the thin 
film on the previous substrate is removed from the 
deposition chamber. In other words, the deposition 
chamber is cleaned for 15 seconds* The cleaning 
conditions were rf power of 1600 W (0.3 W/cm 2 } , electrode 
separation distance of 40 mm, NF 3 flow rate of 3200 seem, 
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argon flow rate of 800 seem, and pressure of 1.0 torr. 
Next, after a vacuum is pulled for 15 seconds, a silicon 
nitride layer, which serves as the passivation layer, is 
deposited for 15 seconds in the deposition chamber. The 
deposition conditions were rf power of 300 W (0.15 W/cm 2 ) , 
electrode separation distance of 40 mm, pressure of 1.2 
torr, nitrogen flow rate of 3500 seem, ammonia flow rate 
of 500 seem, and monosilane flow rate of 100 sccm.^ After 
a vacuum is pulled for 15 seconds, the substrate is 
placed in the deposition chamber. It takes approximately 
10 seconds for the substrates that are set up in the 
loadlock chamber to be positioned in the deposition 
chamber. A stabilization period of 30 seconds is allowed 
before the next underlevel protection layer is deposited. 
All process parameters for the stabilization period are 
identical to the deposition conditions for the underlevel 
protection layer, except that plasma is not generated. 
The lower plate electrode temperature, from the 
underlevel protection layer to the deposited 
semiconductor film, is 3S0°C; and the substrate surface 
temperature is approximately 340°C. After the 
stabilization period expires, the underlevel protection 
layer is deposited. The underlevel protection layer 
consists of a deposited layer of silicon nitride and a 
layer of silicon oxide. First, the silicon nitride layer 
is deposited over 30 seconds at rf power of 800 W, 
electrode separation distance of 25 mm, pressure of 1.2 
torr, nitrogen flow rate of 3500 seem, ammonia flow rate 
of 500 seem, and monosilane flow rate of 100 seem. The 
silicon oxide layer is then deposited for 30 seconds at 
rf power of 900 W, electrode separate distance of 25 mm, 
pressure of 1.5 torr, monosilane flow rate of 250 seem, 
and N^O flow rate of 7000 seem. The nitride and oxide 
layers are each approximately 150 nm thick, forming an. 
underlevel protection layer about 300 nm thick. After 
formation, the oxide layer is exposed to an oxygen plasma 
for 20 seconds. Oxygen plasma was irradiated at rf wave 
power of 900 W (0.45 W/cm 2 ) , electrode separation distance 
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of 12 mm, pressure of 0.65 torr, and oxygen flow rate of 
3000 seem. After a vacuum is pulled for 15 seconds, the 
oxide layer is exposed to hydrogen plasma for 20 seconds. 
The hydrogen plasma conditions were rf power of 100 W 
(0.05 W/cm 2 ) , electrode separation distance of 25 mm, 
pressure of 0.5 torr, and hydrogen flow rate of 1400 
seem* Upon completion of hydrogen plasma irradiation, 
the semiconductor layer is deposited over 60 seconds. 
The deposition conditions were rf power of 600 W (0,3 
W/cm?) , electrode separation distance of 35 mm, pressure 
of 1.5 torr, argon flow rate of 14 SIM, and monosilane 
flow rate of 200 seem- This deposits an amorphous 
silicon film approximately 50 nm thick. After deposition 
of the semiconductor layer a vacuum is pulled for 15 
seconds, and the amorphous silicon film is exposed to 
hydrogen plasma for 20 seconds. The hydrogen plasma is 
generated under the same conditions as the hydrogen 
plasma that was generated prior to semiconductor layer 
deposition* Next, after a vacuum is pulled for 15 
seconds, the amorphous silicon film is exposed to oxygen 
plasma for 20 seconds. The conditions under which oxygen 
plasma is generated are the same as those under which the 
oxygen plasma was generated after underlevel protection 
layer formation except for the fact that the distance 
between electrodes is 45 mm. Finally, after a vacuum is 
pulled for 15 seconds, the substrates are removed from 
the deposition chamber in about 10 seconds, With this 
process, tact time is 6 minutes and 10 seconds, making it 
possible to sequentially deposit the underlevel 
protection layer and the semiconductor layer. After 
this, thin film semiconductor devices were fabricated 
using the exact same process as was described in Example 
2. 

The transistor characteristics of thin film 
semiconductors that were experimentally fabricated in 
this way were measured* It was found that on current was 
l m - (19.6 + 1.54, -1.49) x 10"* A at a 95% confidefice 
level, and that off current was I ory » 7.23 + 2.76, -2.72) 



x 10" u A. Effective electron mobility was n = 36.33 _} 
2,35 cm?/ v. sec. The measurement conditions correspond to 
those described in Example l. 
(Example 5} 

Next, a low temperature process {350°C or less) for 
depositing, using the PECVD reactor that was explained in 
section (2-11) , crystalline semiconductor films that do 
not require crystallization by laser irradiation or other 
irradiation means; the method of fabricating thin film 
semiconductor devices using this method; and the 
characteristics of these films will be described in 
detail. The substrates are prepared by the method 
described in section (2-1) . Although the semiconductor 
layers and source gases described in section (2-2) are 
all applicable, silicon film is discussed here as an 
example and monosilane (SiH«) is used as the source gas. 

In Example 5, substrate 101 was a 360 mm x 465 mm x 
1.1 mm sheet of non-alkaline glass (OA-2, manufactured by 
Nippon Electric Glass Co., Ltd.) , and the Si0 2 layer of 
the underlevel protection layer was deposited to a 
thickness of 2000 k by means of APCVD using SiH 4 and 0 2 as 
source gases. The substrate temperature was 300°C. 

Then, an approximately 750 A intrinsic silicon 
layer, which becomes the active layer of the thin film 
semiconductor device, was deposited. The intrinsic 
silicon layer was deposited by means of a VHS- PECVD 
reactor, described previously in section (2-11) , using a 
50 seem flow rate of monosilane (SiH«) as the source gas 
and a 4800 seem flow rate of argon (Ar) , one of the noble 
gas elements, as a dilution gas. During deposition of 
the intrinsic silicon layer, the VHS wave power was 715 
w, the pressure in the reactor chamber was 0.B torr, the 
distance between parallel plate electrodes was 35.0 mm, 
the lower plate electrode temperature was 400 °C, and the 
substrate surface temperature was 340°C. The 
semiconductor layer obtained in this way is a silicon 
layer of high purity and is polycrystalline in the state 
immediately after deposition ( "as -deposited" ) . The 
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degree of crystallinity was measured using multiple 
wavelength spectroscopic ellipsometry and was found to be 
78V. Usually, if the degree of crystallinity found by 
means of spectroscopic ellipsometry is less than 3 0%, the 
silicon layer is considered to be amorphous; if it is 70% 
or more, the layer is considered to be polycrystalline; 
and if it is between 30% and 70% f it is considered to be 
mixed. Hence, the film that was obtained was clearly 
polycrystalline in the as -deposited state. In fact, a 
sharp Raman shift was detected by means of Raman 
spectroscopy in the wave number region in the vicinity of 
520 cm* 1 , which indicates a crystalline state; in 
addition, it was observed by means of X-ray diffraction 
that the crystals have a relatively strong preferred 
orientation in the {220} direction. 

Next, this silicon layer was patterned and channel 
area semiconductor layer 103, which becomes the active 
layer of the transistor, was formed, see Figure 1 (a) . 
Using exactly the same processes as those that were used 
to fabricate the thin film semiconductor device that was 
explained in detail in Example 1, the gate insulator 
layer was formed, see Figure 1 (b) , the gate electrode 
was formed, the source and drain regions and channel were 
formed by ion implantation, see Figure 1 (c) , the 
interlevel insulator layer was formed, implanted ions 
were activated and the interlevel insulation layer was 
densified by thermal annealing, contact holes were 
opened, source and drain electrodes were formed, and the 
thin film semiconductor device was then completed, see 
Figure 1 (d) . In Example 5, therefore, the maximum 
processing temperature after the first process, that of 
semiconductor layer formation, was 300°C. The 
temperature of the process- for forming the gate insulator 
layer and the temperature of the thermal annealing 
process for implanted ion activation and interlevel 
insulator layer densif ication must not exceed a maximum 
temperature of 3S0°C. In other words, as detailed in 
section (2-10) , to uniformly and reliably fabricate 



81 

excellent chin film semiconductor devices over large 
areas, the -maximum process temperature after the first 
process, that of semiconductor layer formation, must not 
exceed 350°C. 

The transistor characteristics of the thin film 
semiconductor devices that were experimentally fabricated 
in this way were measured. It was found that I 0H * (1,22 
+ 0.11, -0.10) x_10"* A at a 95* confidence level. Here, 
the on current, I 09g is defined as the source-drain 
current Ids when transistors are turned on at source - 
drain voltage of Yds - 4 V and gate voltage of Vgs = 10 
v. The off current when the transistor was turned off at 
Vds « 4 V and Vgs - 0 V was I orr » (1.13 + o;35, -0.30) x 
10" 13 A. The measurements were taken at a temperature of 
25 °C for transistors having channel length L » 10 /im and 
width W - 10 pm. The effective electron mobility (J. 
Levinson et al. J. Appl. Phys. 53, 1193' 82) found from 
the saturation current region was /i » 3.41 ± 0.22 
crcP/v . sec . 

The maximum process temperature reached in Example 5 
was the 400 °C lower plate electrode temperature during 
deposition of the semiconductor layer by means of a VHS- 
PECVD reactor; the substrate surface temperature at that 
time was 340°C. As shown by this example, poly- Si TFTs, 
which are a kind of crystalline thin film semiconductor 
device, were successfully fabricated at extremely low 
process temperature using a simple manufacturing method 
that does not require crystallization by laser 
irradiation or other means. While values for on current 
and mobility are far from those in Example 1, in which 
laser irradiation was employed-, they are from 4 to nearly 
10 times higher than the values for a-Si TFTs fabricated 
by conventional methods with a maximum processing 
temperature of 400 °C. Additionally, source and drain 
regions in Example 5 were formed by means of ion 
implantation with the gate electrode used as a mask. 
Moreover, because implanted ions were activated at low 
temperatures of from 300°C to 350°C, implanted ions from 
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the source and drain regions essentially do not diffuse 
at all into the channel region. Therefore, the 
overlapping of gate electrodes and source and drain 
regions is determined by horizontal projection deviation 
during ion implantation, and the deviation value is not 
more than several hundred A. In other words, the edges 
of the gate electrode and the edges of the source and 
drain matched extremely closely in a so-called self- 
aligned structure. For that reason, the parasitic 
capacitance between source and gate and between drain and 
gate is extremely small in comparison with that of a-Si 
TFTs. Due to these two facts, when the thin film 
semiconductor devices of this invention are used as pixel 
switching elements for an active-matrix liquid crystal 
display device (LCD) , high-definition LCDs {LCDs having a 
large number of picture elements) , bright LCDs (LCDs 
having a high aperture ratio in which storage capacitors 
have been reduced or eliminated), and highly- integrated 
LCDs (LCDs having a large number of picture elements per 
^unifc area) , all of which were heretofore impossible using 
a-Si TFTs of the prior art, can easily be achieved. 
(Example 6) 

( Next, a low temperature process, having a maximum 
temperature of about 3S0°C in which a microwave PECVD 
reactor is used to deposit crystalline semiconductor 
films that do not require crystallization by means of 
laser irradiation or other means, a method for 
fabricating thin film semiconductor devices using that 
method, and the characteristics of these thin film 
semiconductor devices will be described in detail. The 
substrate is prepared using the method described in 
section (2-1) . The semiconductor film and source gases 
described in section (2-2) can all be applied, but here, 
for illustrative purposes, silicon film is used and 
monosilane (SiHJ is used as the source gas. 

In Example 6, a 300 mm x 300 mm x 1.1 mm sheet of 
non-alkaline glass (OA-2, manufactured by Nippon Electric 
Glass Co., Ltd.) was used for substrate 101, and the 
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underlevel protection layer and semiconductor layer were 
deposited sequentially at a substrate temperature of 
100 °C by means of ECR-PECVD reactor, a type of microwave 
PECVD reactor. The microwaves used were 2.45 GHz. The 
silicon oxide layer, which is the underlevel protection 
layer, was deposited to 200 nm using SiH 4 and 0 2 as source 
gases* The underlevel protection layer was deposited 
using an oxygen flow rate of 100 seem, silane flow rate 
of SO seem, microwave power of 2250 w, reactor chamber 
pressure of 2.35 mtorr, and a deposition rate of 8.0 
nm/s. After formation of the silicon oxide layer, the 
flow of silane to the deposition chamber was shut off and 
the silicon oxide layer was exposed to an oxygen plasma 
for 10 seconds. The pressure during oxygen plasma 
irradiation was 1.35 mtorr. Then, after a vacuum was 
pulled for 10 seconds, the underlevel protection layer 
was exposed to a hydrogen plasma using a hydrogen flow 
rate of 100 seem, microwave power of 20 00 W, and reaction 
chamber pressure of 1.97 mtorr. Next, without breaking 
the vacuum, an intrinsic silicon layer, which becomes the 
active layer of the thin film semiconductor device, was 
successively deposited to about 75 nm. The intrinsic 
silicon layer was deposited by introducing monosilane 
(SiHJ , the source gas, at the rate of 25 seem and argon 
(Ar) , an element in the noble gas family, as a dilution 
gas at the rate of 825 seem. The film deposition 
conditions were microwave power of 2250 W, reaction 
chamber pressure of 13.0 mtorr, and deposition rate of 
2.5 nra/s. After deposition, the semiconductor layer was 
again exposed in succession to a hydrogen plasma and an 
oxygen plasma for the purpose of protecting the surface 
of the semiconductor layer and terminating dangling bonds 
in the semiconductor layer. The conditions under which 
the hydrogen plasma and oxygen plasma were generated were 
identical to those used for the underlevel protection 
layer. The semiconductor film obtained in this way is a 
high purity silicon layer and is polycrystalline in the 
state immediately after deposition (the as -deposited 
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state) . The degree of crystallinity was measured using 
multiple wavelength spectroscopic ellipsometry and was 
found to be 85%. 

Next, this silicon layer was patterned and channel 
region semiconductor film 103, which becomes the active 
layer of the transistor, was formed. See Figure 1 (a) „ 
Using exactly the same processes as those that were used 
to fabricate the thin film semiconductor device that was 
explained in detail in Example 1, the gate insulator 
layer was formed, see Figure 1 (b) , the gate electrode 
was formed, the source and drain regions and channel were 
formed by ion implantation, see Figure 1 (c) , the 
interlevel insulator layer was formed, implanted ions 
were activated and the interlevel insulator layer was 
densif ied by thermal annealing, contact holes were 
opened, source and drain electrodes were formed, and the 
thin film semiconductor device was then completed, see 
Figure 1(d). In Example 6, therefore, the maximum 
processing temperature throughout all processing steps 
was 300°C. 

The transistor characteristics of the thin film 
semiconductor devices that were experimentally fabricated 
in this way were measured. It was found, with a 95* 
confidence level, that on current was I 0H ~ (1.71 + 0.13, 
-0.12) x_10'* A and off current was I owr - (1.07 + 0.33, - 
0.28) x 10*" A. Effective electron mobility was ^ * 4.63 
i 0*20 cm 2 /v. sec* Measurement conditions conform to those 
in Example 1. Using this invention, poly-Si TFTs can be 
fabricated by a process in which all process temperatures 
are 300°C or less and without even introducing a special 
crystallization step* 
(Example 7) 

In this example, a semiconductor film obtained by 
VKS-PECVD was exposed to laser irradiation to achieve 
melt crystallization and create a thin film semiconductor 
device* The fabrication process was the same as that 
described in Example 5 except that the laser irradiation 
process was added immediately after the semiconductor 
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film was deposited. The laser irradiation method used 
was the same as that described in Example l, with the 
energy density of the first laser exposure changed to 13 0 
mJ/cm*, and the energy density of the second laser 
exposure changed to 240 mJ/cm a . 

The transistor characteristics of the thin film 
semiconductor devices that were experimentally fabricated 
in this way were measured. It was found, with a 95% 
confidence level, that on current was 1^ =* (22.4 * 1.70, 
-1.55) x 10** A and off current was I orT » (1.27 + 0.30, - 
0,26) x 10" 12 A. Effective electron mobility was \l - 
47.95 ± 3.13 cmVv.sec. Measurement conditions conform to 
those in Example 1. 

(Example 8) 

In this example a semiconductor film obtained by 
microwave -PECVD was exposed to laser irradiation to 
achieve melt crystallization and create a thin film 
semiconductor device. The fabrication process was the 
same as that described in Example 6 except that a laser 
irradiation process was added immediately after the 
semiconductor film was deposited. The laser irradiation 
method used was the same as that described in Example 1, 
with the energy density of the first laser exposure 
changed to 150 mJ/cm* and the energy density of the second 
laser irradiation exposure changed to 270 mJ/cm 2 . 

The transistor characteristics of the thin film 
semiconductor devices that were experimentally fabricated 
in this way were measured. It was found, with a 95% 
confidence level, that on current was ~ (39.8 + 2.45, 
-1.57) x 10'* A and off current, was l owr « (5.80 + 2.09, - 
1.26) x 10* 13 A. Effective electron mobility was p - 
85.63 ± 4.38 cmVv.sec. Measurement conditions conform to 
those in Example 1. 
(Example 9) 

Active matrix substrates using each of the thin film 
semiconductor devices obtained by the methods described 
in the above examples as pixel TFTs and driver circuit 
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TFTs were manufactured* Liquid crystal panels were 
produced using some of these active matrix substrates. 
Liquid crystal display device modules were manufactured 
by equipping these liquid crystal panels with external 
peripheral drivers and a backlight unit* The performance 
of the TFTs themselves was high-quality, and since the 
manufacturing process is also reliable, it was possible 
to manufacture liquid crystal display devices having high 
display quality at low cost* In addition, the 
performance of TFTs was extremely high, and since the 
necessary driver circuits can be formed on the active 
matrix substrate {integrated drivers) , it was possible to 
simplify the packaging configuration with the outside 
peripheral driver circuits and achieve a compact, 
lightweight liquid crystal display device. 

These types of liquid crystal display devices were 
installed in the case of a full -color notebook PC, thus - 
achieving at low cost the manufacture of a compact, 
lightweight full -color notebook PC having good display 
quality. 

ggaaible Industrial Applications 

As stated above, the method of fabricating thin film 
semiconductor devices described by this invention enables 
the manufacture of high performance thin film 
semiconductor devices using a low temperature process in 
which, inexpensive glass substrates can be used. 
Therefore, applying this invention to the manufacture of 
active matrix liquid crystal display devices permits 
large-size, high-quality liquid crystal display devices 
to be manufactured easily and reliably. Moreover, when 
this invention is applied to the manufacture of other 
electronic circuits, high-quality electronic circuits can 
also be manufactured easily and reliably. Additionally, 
since the thin film semiconductor device of this 
invention is both low-cost and high-performance, it is 
optimum for active matrix substrates for active matyrix 
liquid crystal displays. It is especially well -suited 
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for integrated driver active matrix substrates , which 
require high performance . 

Additionally, since the liquid crystal displays of 
this invention are low-cost and high-performance, they 
are optimum for full -color notebook PCs and all types of 
displays . 

Additionally, since the electronic circuits of this 
invention are low-cost and high-performance, they will 
likely find wide acceptance. 



